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ABSTRACT

The public transport service in Rochester, NY, is inefficient in terms of reliability,
safety, comfort, security, waiting, transfer, and longer commute hours. The public
transportation system needs significant transformation to overcome this alleviating issue and
relieve the burden on low-income residents, pedestrians, and non-motorized vehicle users.
The research objective of this thesis is to advance and discover a connection pattern
between transportation, urban sprawl, poverty, and unemployment in Rochester, NY. It
targets the low-income resident’s detachment from diverse uses, residential settlement,
locations of jobs, and transportation options. The research analyses how-: people commute
to work, how long the commute takes, the rate of car ownership, and the financial burdens
of owning a car. Furthermore, the research goes deeper into the energy demands and
emission reduction caused by the transport sector. The data collection method used for the
analysis is metanalysis, gathering data from local authority websites, organizations, research
papers, and media.
Sustainable transport can be a catalyst for urban development that prioritizes equity,
accessibility, and time savings for the low-income commuter while reducing emissions and
increasing traffic safety. Thus, all benefactors are a modal shift to lower-carbon transport
systems such as walking, cycling, public transport, alternative fuel vehicles, modifying roads,
and minimizing travel time. The scope of this study is to assess the environmental, social,
and economic impacts caused by car dependency in Rochester, NY. As a result, the research
probes the opportunities and challenges of leveraging Transit-Oriented Development
(TOD) while introducing a Bus Rapid Transit (BRT) system.
Keywords: RTS, Low-Income Residents, ADA standard, Safety, Social Equity, E-buses,
GHG, Public Transport, TOD, BRT
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CHAPTER 1 INTRODUCTION
‘I waited and waited on the platform, but the train never came, and it seemed odd
that no one else was waiting with me. Finally, I went and asked a porter, and he
indicated to me that I had to take a bus and when pressed as to where I might find
this bus, motioned vaguely with the back of his hand in the direction of the rest of
the world.’
From ‘African Diary’ by Bill Bryson, Anglo-American Writer, 1951 (‘The Online BRT
Planning Guide’ n.d.).

1.1 Background, Problems, and Aims
Rochester is the most populated municipality in Monroe County. Almost
34% of the city’s population lives below the poverty line. Back in 1910, more than
three-quarters of the population resided in the city of Rochester. In 1960, the move
to suburbs took over the city's growth rate. Since 1990 the percentage of city
residents living in poverty has risen by 30%. From 2012 to 2016, the poverty rate in
Rochester has increased from 31% to 33%. In Monroe country in general, there are
22,000 employed low-income residents. The population density variation caused
the number of jobs in Monroe County to decrease by 4% as of 2002 and 18% within
Rochester. The share of county jobs located in the suburbs grew, while in the city,
it declined. The overall number of jobs dropped, but the income levels of the
available positions have shown variation on the lower end of the spectrum.
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Source: (‘Monroe-County-Poverty-Map.Gif (1200×781)’ n.d.)
Figure 1.1 Poverty rate in Rochester, NY

Between the years 2002 to 2015, Rochester faced a 29% decrease in lowincome jobs and a 32% decline in its mid-income jobs; however, the number of
high-income employment increased by 4%. On the other hand, work in a different
location (such as Henrietta and Webster) increased by 25% and 38%, respectively,
during the same period. It indicates mainly that the job availability shifted in
location. While some residents use public transit to work, 71% of commuters drive
cars alone, 9% use public transit. 44% of the total employees are without a private
vehicle and depend on public transit to commute. 34% of the city residents don’t
own a car.
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Source: U.S. Census Bureau LEHD
Figure 1.2 Change in Jobs - (Rosenberg 2018)

Furthermore, 32% of the public transport users commute for an hour or
more. Transportation for low-income residents is a primary barrier to employment.
The cost of car ownership requires an estimated 19-34% of pre-tax earnings for a
full-time minimum-wage worker (Rosenberg 2018). In 2012-16 in Monroe County,
it took roughly 21 minutes to get to work for those who took a car and
approximately 42 minutes for those relying on public transit (Rosenberg 2018).
While the car commuter takes 20 minutes to reach their jobs, the bus-dependent
commuter living in Rochester, of which there are fewer jobs in Monroe County to
start with, take an hour to reach their places of employment. Nearly 7,500 workers
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who reside in the city rely on the bus system to get to work and therefore
commuting by bus is not a choice but is; instead, is a necessity),
-

More than half of these workers reside in a household without a car,

-

City residents who ride the bus to work earn an average of $15,500 per year
compared to $30,600 for those city residents who drive to work alone.

Table 1.1 Share of commuters by Mode and Geography - (Rosenberg 2018)
Source: American Community Survey, Census Bureau

Mode
Geography

Drive alone

Carpool

Public Transit

Walk

Other

Monroe County

84%

8%

3%

3%

1%

Rochester

71%

11% *

9%

7%

2%

New York State

55%

7%

29%

7%

2%

Table 1.2 Average share of Monroe County Jobs Accessible by Bus, Commute Time, and
Neighborhood Income level.
Source: LEHD, GTFS

Neighborhood

20min

40min

Low-income

11%

Mixed income

8%

32%

59%

High-income

5%

34%

59%

41%

60min
70%

Consequently, the majority of the resident bus commuters spend more than
an hour getting to work/and coming home from work each day. The commuter’s
jobs are primarily in suburban areas of retail, health care, and education sectors.
Commuting reduces the hourly wage user’s availability and affects their income
level. Beyond the reduced hourly wage, longer commutes affect residents by
lowering their work retention, resulting in higher absenteeism, higher levels of
4
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stress, fewer hours of sleep each night, other serious health issues, and even higher
divorce rates (‘Transportation and Poverty (Part 3): The Long Bus Commute and
the Value of Time’ 2016).

Source: Author
Figure 1.3 Existing bus routes and average headways – Rochester NY
Table 1.3 Commuting to work and income
Source: (‘Transportation and Poverty (Part 3): The Long Bus Commute and the Value of
Time’ 2016)
Job at Marketplace mall

Job at Sibley building

Hourly worked

8

8

Hourly wage

$15

$15

Per Day Gross income

$120

$120

Commute time both ways

2hours and 20 minutes

45minutes

Hours worked + commute 10 hours and 20 minutes

8 hours and 45minutes

time
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260days/per year x 2.33hrs 260days/per year x 0.75hrs
= 606

= 195

Along with the transport system issues, the bus shelter needs to be
environmentally friendly. In Rochester majority of the bus shelters lack adequate
standardized protection. There are even bus stops without a cover.

Source: Reconnect Rochester
Figure 1.4 Bus shelter in Rochester NY

It’s significant to note that Rochester is highly affected by urban sprawl. The
downtown of Rochester is the most transit-accessible part of the region. Overall,
there are 500,000 workers in the Rochester region. However, only 48,000 (10%) of
the jobs are in downtown Rochester. Though most employment transitioned to the
6
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suburbs over the years, the city's development neglected to provide adequate,
affordable housing. Increasing distance from work centers can lead to higher
unemployment rates among low-income city residents. It indicates that urban sprawl
exacerbates concentrated poverty and limits economic mobility. In addition to the
challenge associated with the transportation system, sprawl advances the interaction
of changing patterns of residential settlement, locations of jobs, and transportation
options that have collectively affected low-income people's ability to access
employment. The undesirable alternative is that low-income workers spend a high
portion of their income purchasing a car (high-priced fuel and insurance) so that
they can get to work in a reasonable amount of time.

Source: (‘Transportation and Poverty (Part 5): The Problem with Sprawl’ 2016)
Figure 1.5 Monroe County population

As a result, the transportation system should be socially equitable to enable
equal access to jobs, educations, and services. Low-income communities should
have reliable and affordable access to diverse uses. A significant barrier between lowincome residents and the transportation system is suburban sprawl. In a 1998 study,
the US Department of Housing and Urban Development estimated that the national
7
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suburban population is growing twice as fast as that of the cities and that
unemployment remains higher in most central cities (Transportation and Poverty
Alleviation). Consequently, sustainable transportation is critical for addressing social
equity, economic vitality, and environmental well-being. The following research
investigates a sustainable transportation system suitable to alleviate this core problem
that the city is battling.
The criteria for smart growth, sustainable development, and equitable futures
are embedded in a solid public transit system, understanding that the transportation
system can also be a primary contributor to greenhouse gas emissions (GHG). The
GHG of the transportation sector in the United States weighs a higher impact point
alongside buildings (39%), industry (33%), and transportation (28%), respectively.
The end-use sector emissions are the collective contribution of cars, trucks,
commercial aircraft, and railroads. Among these, light-duty vehicles are one of the
largest categories of 58% of GHG emissions. Between 1990 and 2019, GHG
emissions in the transportation sector increased more in absolute terms than any
other sector (i.e., electricity generation, industry, agriculture, residential,
commercial) mainly due to increased demand for travel (US EPA 2015).

8

INTRODUCTION

LELISE T. BEKELE

Source: (US EPA 2015)
Figure 1.6 US GHG Emissions by sector, 2019

Additionally, sustainable transit and environmental well-being are interlinked
to address alternative fuel sources. Using Renewable Natural Gas (RNG), Hybriddiesel buses, and a zero-emissions vehicle can tremendously lower greenhouse gas
emissions and air pollution. In doing so, a sustainable environmental benefit gives
way to achieving economic opportunity. Public transportation systems and fixedroute transit services are much more efficient and beneficial to connect services and
travelers.

Source: American Community Survey, Census Bureau
Figure 1.7 Share of public transit commuters with a commute an hour or more
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The aims of this research are as follows:
1. The objective of the thesis is to serve as a guideline for decision-makers (Reconnect
Rochester, Genesee Regional Transportation Authority (RGRTA), and RTS.
2. To connect the low-income residents with essential services.
3. Generating job opportunities, education, and training in Rochester, NY, can
alleviate poverty.
4. To mitigate the greenhouse gas emission and air pollution by half percentage
5. Advancing, the development of ‘complete street guidelines’ such as dedicated bus
lanes and traffic lights, walkable sidewalks, bicycle lanes, storage, shaded bus
shelters, etc.
6. The aim is to introduce a sustainable and affordable, alternative multimodal
transportation system in Rochester, NY.

1.2 THESIS STATEMENT
The city of Rochester is affected by an insufficient public transport infrastructure
that has led to a longer commute travel demand. This situation is worse as public transport
is the only alternative for low-income residents without private vehicles. The city of
Rochester suffers from being below the poverty rate, with high unemployment, urban
sprawl, low educational status, and low median income level as associated issues. Moreover,
the transport sector encounters high travel demand because of the uneven distribution of
public and private services. It is due to the concentration of employment and market
opportunities either at the city center or from people commuting from the downtown area
to the suburb (as the job locations change). Also, diverse use and services are not found
within a ¼ or ½ mile radius of these poorer neighborhoods, and thus, commuting to where
the jobs are inevitable. Transportation issues and commuting are a contention because of
the fuel use associated and its direct relation to global warming and air quality.
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Therefore, this research focuses on creating a connection between lowincome residents and jobs, services, and resources, the accessibility of employment,
mode of transit, length of commute, and discovering a sustainable transportation
system. The main objective is to reduce the journey's demands, reduce travel
distances, enhance non-motorized transport (walking, biking, scooter), and
efficiently use the existing infrastructure. Therefore, this research assesses how a
sustainable public transportation system, a transit-oriented city center, and
improved access to jobs and other services are essential to giving people the
opportunity to achieve economic self-sufficiency. The alternatives are as follows:
(i)

Managing traffic congestion, advancing walkable neighborhoods, and
non-motorized services,

(ii)

Development of an integrated, balanced transport system to ensure
that multiple modes of travel are available,

(iii)

Minimizing the GHG emissions by using alternative transportation
systems such as walking, bicycle, scooter, electric car, electric bus, etc.,
and

(iv)

Propose for the ½ mile radius around the transit center to be mixeduse buildings, accommodate diverse uses and services.

1.3 RESEARCH QUESTION
1. What are the current transportation issues in Rochester?

11
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2. How can a sustainable transportation system that connects people with jobs,
services, shopping, and educational opportunities be implemented in
Rochester?
3. Which sustainable transport would be suitable in terms of the level of service
(travel time, reliability, waiting, transferring, cost, safety, and comfort)?
4. What impacts can the following externalities generated by motorized
transport activities have on the environment, air pollutions, car accidents,
congestion, GHG emissions, displacement?
OUTLINE

This thesis is conducted and researched by collaborating with different fields
of study, including architecture, social, economic, environmental sustainability,
urban and regional planning, transportation, and engineering. The sequential flow
of the research is into five chapters begins with an introduction in chapter one. The
problem statement is identified effectively to guideline the intended output
deliverables.
Chapter Two gives an in-depth analysis of then, now, and the future of public
transportation positions in Rochester. In addition, it identifies the essential factors
that influence and form the decision-making process. These factors include
precedent studies and literature reviews on issues, information, and guidelines about
the transport system globally and within Rochester, NY. This chapter examines the
logical outline that addresses the thesis methodology regarding the public
transportation system and sustainability. The comprehensive investigation of the
literature review and theories serves as a guideline for the proposal while
maintaining the essence and authenticity of existing. This research describes the
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connection between public transportation and the land use pattern around the
transit hub and leaves room for the city's future.
Accordingly, Chapter Three evaluates the research objectives and the source
of research methods used by other relatable locations. It narrates the research
questions and how to address them accurately. The methodology used to collect
data is called a meta-analysis. It identifies a dataset suitable for the study, data
extraction, removing duplicate information, integrity check, and extract summary.
Chapter Four provides a collective summary of all the literature reviews and
outlines the evaluated data. The summarized data will give an accurate answer and
address the aim of the research and the research questions. Furthermore, it provides
a correct interpretation of how to apply as it relates specifically to the city of
Rochester.
Chapter Five summarizes the collected data and concludes. It delivers
recommendations/suggestions, discussions and leaves room to emphasize the future
for the city of Rochester.
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CHAPTER 2 BACKGROUND - ROCHESTER, NY
The content of this chapter gives a further explanation about the problem
statement mentioned in chapter one. It indicates the gradual and consecutive flow
of the longer commute in Rochester, NY. The chapter summarizes the historical
background of Rochester as a whole and zooms into the current and existing
problems. It provides a clear understanding of the evolution of the transportation
issue in Rochester. The chapter lists the associated or collateral difficulties of a long
commute. It indicates how the suburban sprawl and its relation to the change in
job location have affected the low-income residents and led them into commuting.
Although, it addresses how the development of the inner loop has created social
segregation and social equity.
2.1 ROCHESTER, NEW YORK
Rochester is known for its historical depth. Here are some of the iconic and
significant transitions looking back to the history and reformation of the city of
Rochester regarding settlements and Naming, Town beginnings, and Economy.

‘Beginning in the 1680s, European settlers from the Netherlands, France,
and England came to the Town of Rochester by way of Kingston, Hurley, or New
Paltz. In the original Rochester Patent (named in honor of the Earl of Rochester),
dated 1703, Queen Anne of England granted Town Trustees the right to convey to
settler’s ownership of lands in the Town of Rochester. This area included
Rochester, Wawarsing, Gardiner, and Portions of Sullivan and Delaware counties.
With one-room schoolhouses and elected trustees, several school districts
organized by the 1970s, including Newtown (later Whitfield), Mombaccus.
Kyserike and Pleasant Ridge (later Rock Hill). The total number of districts

14
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eventually reached seventeen, a few of which operated into the 1950s. During the
18th and 19th centuries, farming was the main source of income for the town of
Rochester. In addition to farming, the occupation was producing wintergreen oil,
quarrying of millstone and bluestone, milling of corn, wheat, and lumbers,
blacksmithing, coopering, and shoemaking wagon-making and store keeping.
Economic boom times for Alligerville and Port Jackson came during the Delaware
and Hudson Canal era, which was constructed alongside the Rondout Creek and
operated between Kingston and Honesdale, Pennsylvania, from 1828 until 1902.
The entire Town of Rochester enjoyed a period of prosperity from 1902 into the
1940s when the Ontario & Western Railway (with stations in Accord and Kyserike)
provided transportation-to-market for products of the local farms, mills, and
quarries. Additionally, the trains brought in summer visitors from urban centers,
chiefly New York City, searching for fresh air and healthful food for their families.
For the better Part of the 20th century, the summer resort industry played an
important role in the Town's economic life. Accommodations for paying guests
were first provided in private homes, and later in a total of over 50 bungalow
colonies, camps, boarding houses, and hotels (‘History of Rochester | Town of
Rochester’ n.d.).’’
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Source: Author
Figure 2.1 Location map of Rochester NY
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Rochester is a city located in Monroe County, New York. With a 2020
population of 205,077, it is the 3rd largest city in New York (after New York City
and Buffalo). However, the population in Rochester is currently declining at a rate
of -0.15% annually. Rochester's urban sprawl influences the surrounding agricultural
communities. Rochester has lost more than 20 square miles of agricultural land to
sprawl in the last 20 years. In the rural areas of Rochester, property loss is alarming.
In 1951, in Rochester, NY, the population was above 332,000 residents. The semiunderground subway line used to run throughout the city. Eastman Kodak alone
had 60,000 employees.
The downtown of Rochester had a central shopping district with multiple
large department stores and shops. In addition to three central shopping districts in
the suburbs, midtown plaza, which existed from 1960-2008, was the major shopping
mall in the region. This mall began to decline post-war as the sub-urban malls in
surrounding areas grew in number and popularity. After the post-WWII boom, most
American counties’ income and automobile availability presented a rapid increase.
Hence, automobile ownership increased to 60%, and cities expanded into suburbs.
As a result, the surrounding towns of Irondequoit, Greece, and Brighton became
clusters of middle-income residents.
The same widening of streets and highways to make space for auto traffic
were also the best way to reduce traffic issues. However, with the growth in
population, car ownership, suburban commuters, and shoppers, the city's street grid
became very congested. With plans already underway for a superhighway from I-90,
city and community leaders coalesced around a plan to build a loop around the
downtown neighborhoods to ease the growing congestion. The construction of the
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Inner Loop was to connect with the I-490; it allowed commuters straightforward
access to all downtown areas while reducing the number of cars on local streets.

Source: HistoricalAerials.com, c02.png (1427×595) (cornellpolicyreview.com)
Figure 2.2 Aerial shots of downtown Rochester from before the Inner Loop (1951,

left); and after, (1969, right.)
Unfortunately, the Inner Loop did not functionally serve as intended.
Research states that the inner circles are the main driving force behind automobile
advancement (Bailey 1984). Rather than connecting services, jobs, and retailers, it
became a significant impediment between significant hubs in downtown Rochester.
As a result, it played a vital role in the gradual decline of most downtown
neighborhoods. Furthermore, many linked street networks were destroyed, with
superblocks and expanded city streets taking their place. Before the post-WWII
surge of urban renewal, less than half of all commuters in many American cities used
automobiles; today, the figure is often higher, more than 80%. The Inner- Loop
became an impediment by encouraging shops and residents away from the city
center. As a result, since 2002, the city has lost more than 30,000 jobs, and total
employment has decreased by 30%, many of these due to the popularity of the
18
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suburbs. As a result, the city of Rochester is deteriorating with one-to-many vacant
open spaces. The spaces serve as surface parking. It’s worth saying that it has reached
the point where distinguishing the ratio of the built verse unbuilt surface is equating.
The map below shows all the available parking spaces, be it a parking garage or
surface parking found in the city of Rochester.

Source:(‘(198) Pinterest’ n.d.)
Figure 2.3 Parking map of Downtown Rochester, NY

Rochester's downtown neighborhoods (Center City, High Falls, and East
End) no longer contain most of the region's jobs. At the same time, the downtown
neighborhoods include 34,625 jobs, only 26% of the total jobs in the city, and less
than 10% of the full-time employment in Monroe County. Regional work has
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continued to spread out, following residents to suburban and ex-urban office parks.
There has simultaneously been a significant decrease in the sheer number of jobs
over time as some of the area's larger employers (Kodak, Xerox, Bauch & Lomb
began to downsize).
The city is now beginning to redevelop the reclaimed land from the former
highway ‘canyon.’ The filling in the eastern portion of the Inner Loop is currently
underway. Significant redevelopment following the removal has begun to transform
the ground around the inner circle from empty to vibrant. However, the northern
portion will separate the upper falls neighborhoods and the new Amtrak train station
from a growing downtown. Rochester must capitalize on the momentum occurring
in the East End and continue the removal of the northern Inner Loop for the
betterment of the city and its residents.
This reconnecting of neighborhoods by removing the Inner Loop still poses
some essential questions for the existing issues within the city communities.
-

Can the street links between downtown and the lovely Park and East Avenues
restore the neighborhoods?

-

Will they be able to avoid the lure of large-scale, homogeneous construction
and make a mixed-use fabric that revitalizes cities?

-

Will Rochester's early progress in closing the Inner Loop quadrant inspire it
to remove the remainder of this highway, which reduces the capacity of
downtown and nearby neighborhoods?
Without a critical review of these questions, Rochester could entirely fall

apart if urban sprawl was left unchecked. Now Rochester is the economic and social
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center of Monroe County. If we suppose that Rochester continues to decline in
population and business continues to go to other regions, perhaps this could become
an unfortunate reality in a few decades. In that case, different areas might take over
as the prime city in the area. Greece or Henrietta could surpass Rochester's extensive
commercial and residential housing centers.

Source: Author
Figure 2.4 Existing land use plan, downtown Rochester, NY
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2.2 ROCHESTER SUBWAY
The Rochester subway is also known as the Rochester Industrial and Rapid
Transit Railway. A commuter rail rapid transit system operated from 1927 to 1956
in Rochester, New York. The unfinished canal section served as the subway line in
1919. The Erie Canal in New York was part of the New York State Canal System's
east-west, cross-state line. The canal was 363 miles (584 kilometers), stretching From
the Hudson River in Albany to Lake Erie in Buffalo. It was the original non-portage
transportation mode between the East Coast and the western interior of the United
States. The canal's height differential was 565 feet (172m). The canal's building
started in 1817 and finished on October 26, 1825.
As a result, it is also the second-longest canal globally, after China's Grand
Canal. The canal's construction boosted (created) New York, Albany, Syracuse,
Rochester, and Buffalo. The expansion of the canal occurred in 1834 and 1862. The
western section of the canal was widened in 1918 and became part of the New York
State Barge Canal. The interurban lines passed through the subway and out of the
district. The busiest year for the canal was 1855 when 33,000 commercial shipments
passed through. The channel experienced a peak in commercial activity once again
in 2008. Congress named the Erie Canal Way National Heritage Corridor in 2000
to honor the canal system's national importance as the powerful and efficient
human-built

waterway

in

the

world

and

one

of

the

most

significant

accomplishments of civil engineering and architecture in North America.
The Rochester subway's entire underground length was 2 miles (3.2
kilometers) and constructed in a cut-and-cover tunnel. The project's main goal was
to minimize interurban traffic on city streets while also facilitating freight exchange
between railroads. The Rochester Transit Corporation took over the line in 1938.
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They lead to completing an expressway right-of-way and the abandonment and infill
expansion of the remainder of the right-of-way. A portion of the unfinished tunnel
under Broad Street ran from Exchange Street to Court Street and South Avenue.
The Second Genesee Aqueduct used the old Erie Canal to cross. The historic
stone aqueduct, also called Broad Street Bridge or Broad Street Aqueduct, was built
over the Genesee River in Rochester between 1836 and 1842. The aqueduct was 800
miles long in total (240 m). The Broad Street Aqueduct also included the Rochester
subway. It became part of the National Register of Historic Places in 1976.
In 1927, the New York State Railways was finished and opened, and ten
former Utica and Mohawk Valley Railway 2000 series cars served the Rochester
Subway. Rochester subway service was extended from Winton Road to Rowlands
Loop in Brighton on June 1, 1929.
Many of the connecting interurban lines had closed by 1931, leaving the
subway as an east-west corridor with no rail connections beyond it. On 2 August
1938, the Rochester Lines of the New York State Railways merged to create the
Rochester Transit Corporation (RTC). The RTC ran the freight operation until 1957.
Car #60 was the last of a 12-car fleet that operated, having been built in 1916
by Utica Railways and transferred to Rochester in 1936 on the subway. The Utica
steel cars remained in operation until the close of passenger service. In 1956 car
#60 was donated to the National Railway Historical Society's Rochester Chapter.
The L-2 locomotive's future was saved from a Rochester scrapyard in the 1970s by
the New York Museum of Transportation. However, the Rochester and Genesee
Valley Railroad Museum was renovating Rochester subway car #60. By 1976,
Rochester city had proposed filling the cut to avoid maintaining the various bridges.
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In 2010, Rochester city proposed closing the tunnel section from Brown to
the B & O ramp 2010 (‘Rochester Subway’ 2021). The tunnel's future debated
whether it should be maintained as a downtown asset or filled with gravel. The
tunnel's annual construction and maintenance costs amounted to $1.2 million. The
tunnel plan served as a modern rapid transit system to connect the Rochester
Riverside Convention Center and the Blue Cross Arena by converting the Erie
Canal: Broad Street Aqueduct into an elevated walkway (‘Rochester Subway’ 2021).
However, a recommendation is to fill the Rochester subway tunnel with water,
reconnect the Erie Canal, and restore the aqueduct to its original function.
Furthermore, Rochester city officials proposed filling the tunnels with dirt in
2004. The idea sparked a debate over the tunnel's status as a historical site. As a
result, as part of the Improvement Project of the Broad Street Tunnel, the city agreed
to fill the west end of the tunnel in July 2008. Construction began in spring 2010
and had an estimated $14 and $16 million. Eventually, while Broad Street
deconstructed from east-central to Brown Street, the subway tunnel was filled. The
restoration of the original B & O ramp makes it the subway's western entry point.
Based on the removal of the gateway, the city preserved a doorway under the
Gannett Building. Another plan in 2018 was to remove the Broad Street level of the
aqueduct, re-flood the canal and subway bed on the trench with sewage, and
introduce underground parking on the section of the tunnel between Main Street
and Exchange Street, emulating the ancient canals at Canalside in Buffalo, NY.
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Source: Wicked Graffiti ART (KtotheMasonic 2017)
Figure 2.5 The Abandoned Rochester Subway Remnant, current condition.

2.3 RECONNECT ROCHESTER
In 1853, New York built the first central rail station on Mill Street near the
Cascades. It operated for only thirty years. In 1882, the two current main lines were
raised, with two new main lines passing through downtown Rochester, NY, for 2
million dollars (in 1882). It was the only railway outside New York City maintained
by the New York Central railroad and the Vanderbilt family. In 1883 the second
central station was completed in New York at St. Paul Street and Central Avenue
on the east side of the Genesee River.
At the beginning of the 1900s, the New York Central Station became the
most central station between Clinton and Joseph Avenues (at the exact location of
Central Avenue station). This station was created and referred to as Bragdon Station,
designed by Claude Fayette Bragdon. The building was an architectural gem known
25
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for its magnificent appearance and themed details of the railway. But it was shortlived. The increase in air and car transportation caused the station to suffer and
decrease in business, and eventually, sold to a private investor. In 1965, the station
was shut down in sections and demolished in two phases. 1978 the station began
providing as Rochester Amtrak. The replacement was a one-story building with
walls of concrete panels and a flat metal roof. The canopy is a remnant of the former
central railway station, which gave service 24/7 to travel to Buffalo, NYC, and cities
in between.
The Rochester Intermodal Transportation Center is currently building a new,
intermodal, ADA-conforming station (RITC), replacing the 1960s train station and
older bus station. The site is on the north side of Rochester, on the edge of the
Upper Falls neighborhood, just outside the downtown area. It serves various modes
of transport: intercity rail, intercity buses, buses, taxis, bikes, cars, etc. The design
addresses the requirements of Rochester, a future high-speed railway line.
The stations desire sustainability leaders by becoming certified by LEED
(Leadership in Energy and Environmental Design). The station's location is 320
Central Avenue and includes a significant link between the road network, nearby
properties, historic buildings, and built borders. It also has commercial and retail
space. These are various factors that define much of the character of the region.
Using the public transportation system was the new sustainable approach for
general health and the environment. In Rochester, 25% of the residents do not have
cars.

Using

public

transit

and

living

with

one

less

vehicle

will

save

households an average of $9,162 a year.

26

BACKGROUND - ROCHESTER, NY

LELISE T. BEKELE

2.4 ROCHESTER- GENESEE REGIONAL TRANSPORTATION AUTHORITY
(RGRTA)
The RGRTA was a New York state public welfare company that provided
transportation facilities around Rochester, NY, in an eight-county district.
Rochester's public transit history goes back to the Rochester Railway Company's
streetcar and interurban routes. Rochester Transit Corporation began operating the
city's bus and streetcar system on August 2, 1938. Streetcars changed to bus service
in 1941, and the Rochester Subway lasted until 1956. By 1957, RTC had ceased
freight activities in the subway and had delegated the duty to the connecting
railroads. The suburb increased in population and automobiles following the
postwar boom. In 1952 and 1965, the RTC was hit by labor unrest and job listings
strikes. As a result, Rochester city devised a strategy to acquire the transit company's
operations. The strike ended on January 25, 1968, and the National City
Management Company agreed to merge the bus lines into Rochester Transit Service
(‘Introduction to Transportation and Poverty in the Rochester Region’ 2016). In
1968, the RGRTA established and related agencies such as Syracuse, Buffalo, Albany,
and New York City by a state government act. The RGRTA took over the RTC bus
line operation and extended its territory from Rochester into the surrounding
suburban and rural areas. As a result, the bus line consumed Rochester and Monroe
County's RTS operations. The RTS became the superior service of the RGRTA and
the most extensive transportation system providing service to Rochester and the
suburbs.
Eventually, the RTS service routes linked Monroe Community College,
Rochester Institute of Technology, Rochester City School District, shopping
centers, and shopping malls. The RTS transportation line ran from downtown
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Rochester to several different routes. The routes run up Mortimer Street from the
RTS at 60 St. Paul Street. Before November 28, 2014, when the transit center
opened, roads began at Main and Clinton or Broad Street. Since 1863, the Main and
Clinton stops have been in service. The RTS routes are color-coded; the county's
east side had green service, while the west side had blue service.
The RTS center, which covers 87,000 square feet and costs $50 million to
construct, opened in Downtown Rochester in 2014. There are 30 bays in the transit
center, accommodating up to 100 buses every hour. The building owners and
managers association (BOMA) presented the RTS Transit Center with an award and
acknowledgment for the New Construction Recognition Award.

2.5 SYNTHESIS
The city of Rochester is suffering from social, economic, and environmental
sustainability. The unfortunate circumstance of the city's declines in population,
poverty, employment, median income level, suburbanization all gives the stated
problem a tangible context. Thus, the transportation system plays a vital role in city
formation, land use utilization, and sustainability. The foundation to overcome the
contextual core problem is incorporating users in the predesign planning phase.
Therefore, transportation and urbanization are terms that coincide with one
another. Just as the Rochester Transit Center (RTS) initiates a sustainable pattern, it
must upscale its use. Introducing an efficient multi-modal transportation system and
a transit-oriented development for the city of Rochester can revitalize the economic
growth, create social equity and environmental sustainability.

28

METHODS AND PROCEDURES

LELISE T. BEKELE

CHAPTER 3 METHODS AND PROCEDURES
This chapter briefly presents the methods and procedures used by the
researcher in collecting data for the thesis and investigates ways to answer the
research questions through relatable precedent studies. It consists of the research
design, the research locale, and the studied subjects. It then proceeds to an in-depth
analysis of the selected and significant studies. Finally, collecting and gathering data
also includes the statistical tools used to process and analyze the data.
3.1 RESEARCH METHOD
A meta-analysis is a systematic review which; systematically combines related
qualitative and quantitative studies involving and identifying an aim and then
develops a conclusion based on research studies with similar aims/hypotheses and
greater statistical power.
The effectiveness and efficiency of the sustainable transportation system are
by its impact on the environment and climate impacts on the transportation system.
The transportation systems directly impact the environment, accounting for 25% of
world energy consumption and carbon dioxide emissions. Out which almost 97%
of emissions come from direct burning of fossil fuels.
The meta-analysis also defines the data collection process and implementation
of the research results. Therefore, the research methods describe how to frame the
research questions, provide an in-depth explanation of the plans, and accomplish
the research studies. In addition, sustainable transport indicators signify and monitor
sustainability.
Initially, the sustainable transportation indicators (STI) are selected based
upon the literature review of past research. These indicators relate to the triple
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bottom line (social, environmental, and economic factors). The leading indicators
selected for this study include transportation prices, transportation productivity, and
transportation for economic development.

Source: Author
Figure 3.1 Sustainable transportation indicators

For the research, sustainable urban transport indicators compared to global
cities. To mitigate environmental hazards and achieve sustainable transport, like
Europe and developed Asian cities, public and non-motorized modal share of the
vehicle is beneficial.
Then by conducting a correlation analysis, the factors which affect urban
transportation sustainability were determined. Finally, the main aim of sustainable
transportation is to ensure that environmental, social, and economic considerations
contribute to decisions affecting transportation activity.
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3.2 META-ANALYSIS AN OVERVIEW
Meta-Analysis provides heterogeneity within multiple studies and provides a
summary as needed. It produces a refined hypothesis, subjective study comparisons,
identifies the data gap, and suggests a direction for future research. The data
collection method in meta-analysis takes the following order (Tulasi Raman 03:16:45
UTC):1. Define the research questions and specific hypotheses.
2. Define the criteria for including and excluding studies.
3. Locate research studies.
4. Determine which studies are eligible for inclusion.
5. Classify and code important study characteristics.
6. Select results from each study using a standard metric.
7. Aggregate findings across studies, generating weighted pooled estimates
of effect size.
8. Evaluate the statistical homogeneity of pooled studies.

Source: Meta-Analysis – Columbus map
Figure 3.2 Meta-Analysis with Related Tags and Terms
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3.3 LITERATURE REVIEW
3.3.1 TRANSPORT
The transportation sector produced 7.0GtCO2eq of direct GHG emissions
(including non-CO2 gases) in 2010 and hence was responsible for approximately
23% of total energy-related CO2 emissions (6.7GtCO2). GHG emissions can
potentially be mitigated through the following, including behavioral change, using
improved vehicles, engine performance technologies, low-carbon fuels, investment
in infrastructure, and changes in the built environment. The medium-term (up to
2030) to long-term (to 2050 and beyond), urban redevelopment, and investments
in new infrastructure, linked with integrated urban planning, transit-oriented
development, and more compact urban form that supports cycling and walking can
all lead to modal shift ((Brazil) n.d.). It inherently reduces GHG intensity by 2050% below the 2010 baseline by 2050.

Figure 3. 1: Transportation, a major contributor to CO2 emissions
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Factors that reduce car dependency and frequent use include efficient land
use and development, employment density, street design and connectivity, and high
transit accessibility. In low-density areas, alternative efficient modes of transport
include paratransit and car-sharing. The factor of transit-oriented development
(TOD) prioritizes public transit, walking, and cycling.

Figure 3.4 Average carbon emissions by the transportation sector

Almost 90% of the cities in the United States and 70% in Germany have their
urban form to include a walkable public transit system. Since the 1970s, the cycling
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modal share has increased by 10-25%. The advancement of cycle infrastructure in
Europe, some South and Northern American cities have resulted in carbon emission
reduction. For example, there is an increased modal share of walking and cycling in
Copenhagen, Melbourne, and Bogota. Moreover, the performance of electric
bicycles has increased the commuting range, achieved low emissions, and improved
health benefits. In addition, the conversion of all transport mode fuel types into
biofuel has tremendous potential for CO2 eq reduction. Incorporating alternative
transport modes such as walking and cycling can mitigate emissions by 20%.
The co-benefits in action have taken place in European cities. These cities
have been possible because of the integrated use of public transits coupled with
cycling infrastructures, lower pricing, and other land-use measures. The resulting
outcome is improved energy security, reduced fuel spending, less congestion, fewer
accidents, increased fuel spending, and increased public health from more physical
activities, less air pollution, and less noise-related stress ((Brazil) n.d.).
Globally (in 168 cities), advanced bus rapid transit (BRT) systems are
accelerating. Moreover, the innovative expansion in China has gone further into the
performance of electric transit buses and high-speed rail systems. By increasing the
use of low-carbon biofuels, hydrogen, and electricity, the targeted fuel carbon
intensity reduction for 2020 in California was 10% and 6% in European countries.
(Figure 8. 4). European cities are known for their advanced bicycle transport modes.
Likewise, the 2% bicycle share and efficient public transport system in London and
the UK will increase up to 5% by 2026.
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Source: Global Transportation Energy Consumption
Figure 3.5 Transportation Energy Consumption

The appropriate methods of GHG emissions reduction include use of
advanced low-carbon technologies, optimizing renewable energy, improved
infrastructure, developing low-carbon transport systems, behavioural change,
infrastructure investments, developing efficient vehicle technologies, using lowercarbon fuels, telecommuting, reducing unnecessary transport commuting, and
providing alternative transport modal choices (public transport, walking, and
cycling).
The climate change mitigation strategy in the transport sector has many
economic, social, and environmental co-benefits. The beneficial factor of climate
change mitigation includes lower travel costs, improved mobility, better community
health through reduced local air pollution and physical activities resulting from nonmotorized transport, greater energy security, improved safety, time savings through
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reduction in traffic congestion, and access to appropriate and cost-effective advanced
technologies (Brazil) n.d.).
3.3.2 BUS RAPID TRANSIT (BRT) IMPLEMENTATION GUIDE
The Federal Transit Administration (FTA) defines BRT as “a high-quality busbased transit system that delivers fast and efficient service that may include dedicated
lanes, busways, traffic signal priority, off-board fare collection, elevated platforms,
and enhanced stations (Aileen Carrigan, Julia Wallerce, and Michael Kodransky
2019).” The main BRT features are dedicated right of way, busway alignment, offboard fare collection, intersection treatments, and platform-level boarding. Lowincome people, youth, seniors, people with disabilities, etc., greatly depend on
public bus transit. Therefore, the design of a BRT project should start with the need
of the users in mind and make it accessible to all user demographics. Doing this can
provide significantly increased accessibility, safety, and health benefits. The
strategies to accommodate all users during the project planning, design, and
operation phase are (Aileen Carrigan, Julia Wallerce, and Michael Kodransky 2019):-

Equitable distribution of the public benefits of BRT,

-

Inclusive public outreach and engagement,

-

Corridor alignment and station locations in underserved communities, and

-

Fair fare policies.
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Source: The BRT (Bus Rapid Transit ) standard – Version 1.0 ({author} 2012)
Figure 3.6 Possible Bus Rapid Transit (BRT) configurations
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BRT corridor is a road segment with a dedicated right-of-way, a minimum
length of 1.9 miles (3 kilometers). A BRT can be implemented either as a trunkand-feeder service or a direct service system. The direct service model allows buses
to operate in mixed traffic before entering the BRT corridor, exit the corridor, and
continue in mixed traffic. This kind of implementation is in Hartford’s CT and
Pittsburgh’s busways. Direct service creates a direct connection between users and
their destination without requiring any transfers.
Among the beneficial features of BRT is to increase bus ridership using highfrequency and reliable bus service along a high-demand corridor. A suitable BRT
corridor is where many people benefit from travel time savings.
potential

of

shaping

urban

development

by

stimulating

BRT has the
transit-oriented

development (TOD). BRT corridors are most successful on downtown, urban
arterials, and former rail corridors. They can be adapted to many different urban
contexts, from narrow streets in historic downtowns to wide, auto-oriented arterials
(Aileen Carrigan, Julia Wallerce, and Michael Kodransky 2019).
Designing, constructing, and operating a BRT requires agreement among the
relevant stakeholders about issues including infrastructure alignment and design,
rights-of-way, fleet selection, intelligent transportation systems, fare technology and
policy, regional and multimodal integration, and operations (Aileen Carrigan, Julia
Wallerce, and Michael Kodransky 2019). One function of BRT marketing is
education, which aims to teach people about the BRT. The alternative ways to
provide an equitable BRT fare policy include incorporating discount fares, fare
capping, and installing payment methods for phoneless and unbanked passengers.
Providing convenient connections between the BRT and other modes like bicycling,
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shared mobility, and other transit can improve first- and last-mile connections,
simplify transfers, and facilitate multimodal trips (Aileen Carrigan, Julia Wallerce,
and Michael Kodransky 2019). Providing bike parking, shared bikes and scooters,
and bike infrastructure along the BRT corridors is beneficial for the connectivity of
the BRT stations. Although, incorporating a pedestrian design principle such as
safety, security, directness, legibility, comfort, and universal accessibility can attract
users to prioritize the BRT corridor.
Moreover, the four central and commonly utilized fuel and vehicle
technologies include clean diesel, compressed natural gas (CNG), hybrid–electric
buses, and newer battery-electric. The technologies consider the lifecycle costs,
including initial purchase, operations, maintenance, local and global emissions, fuel
storage, refueling or charging infrastructure, and maintenance facilities. The BRT
system can accelerate economic development by providing construction jobs and
redevelopment along the corridors. In addition, transit-oriented land use and zoning
incentives can boost new growth around the stations.
CITY BRT CORRIDOR

FUEL/

FLOOR

LENGTH AND

DOOR

MANUFACTURER

ESTIMATED COST PER

PROPULSION

HEIGHT

CONFIGURATION

LOCATION

Albuquerque, AIR

Clean diesel

Low

60’ articulated

Left & right

New Flyer

$870,000

Cleveland, Healthline

Diesel-electric

Low

63’ articulated

Left & right

New Flyer

$989,000

Low

63’ articulated

Left & right

New Flyer

$989,000

Low

60’ articulated

Right

North American Bus

$800,000

VEHICLE (CURRENT USD)

hybrid
Eugene-Springfield,

Diesel-electric

EmX Green Line

hybrid

Fort Collins, MAX

CNG

Industries (NABI)
Hartford, CTfastrak

Clean diesel –

Low

electric hybrid

40’conventional 45’

Right

New Flyer, Gillig

Varies

Right

Wright

$1.3 million

over-the-road coach
60’articulated

Las Vegas, SDX

Diesel-electric

Low

62’ articulated

hybrid
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CNG

Low

60’ articulated

Right

NABI

$885,000

CNG, Diesel

High

35’&40’

Right

Various

Unavailable

Line
Pittsburgh, busways

conventional
60’ articulated
Richmond, The Pulse

CNG

Low

40’ conventional

Right

Gillig

$940,000

San Bernardino

CNG

Low

60’ articulated

Left & Right

New Flyer

Unavailable

South Miami- Dade

Various

Step low

Various including

Right

Various

Unavailable

Busway

articulated

Source: Albuquerque (Dyer 2018); Cleveland & Eugene-Springfield (Thole et al. 2009); Fort Collins (Coltrain 2019; CPTDB
Wiki 2019; Transfort 2014); Hartford (CTDOT interviews); Las Vegas (CPTDB Wiki 2019); Los Angeles (CPTDB Wiki 2019,
Flynn et al. 2011); Pittsburg (Hinebaugh 2009, National Academies of Sciences, Engineering, and Medicine 2003c); Richmond
assumes ten buses purchased for $9.4 million (GRTC 2018a; GRTC & DRPT 2014b); San Bernardino (Omnitrans 2018); SouthMiami Dade (Hinebaugh 2009, National Academies of Sciences, Engineering, and Medicine 2003b)

Table 3. 1 City with BRT corridors and estimated cost per vehicle
•

CASE STUDY: HARTFORD REGION’S CTFASTRAK BRT FROM ABANDONED
RAIL CORRIDOR TO REGIONAL BRT

The CTfastrak is a state-owned busway with 20 years of experience. It’s a
9.4mile long and silver-rated BRT corridor with high-quality BRT elements that aid
the travel time savings for riders. The BRT corridor implementation is half along
the former rail right-of-way and the remaining half on a permanent easement from
Amtrak. The implementation process cost half a billion dollars. The total capital
costs for the project totaled $567 million. For Connecticut, the CTfastrak is one of
the significant investments up to date. Currently, the improved busway benefits an
average of 18,000 passengers a day. The municipalities on the corridor have aligned
the

BRT investment

with zoning changes to encourage transit-oriented

development (TOD) (Aileen Carrigan, Julia Wallerce, and Michael Kodransky 2019).
Therefore, the CTfastrak implementation offers tangible lessons about governance,
corridor design, economic development, and public engagement. Among the best
quality of CTfastrak include: -
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Platform-level boarding and off-board fare collection

-

Customers can pay their fare with a Go CT smartcard

-

Fare capping policy ensures users pay the lowest possible fare.
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BRT's design was initially implemented in Hartford, Connecticut, after the local
officials traveled to Curitiba, Brazil, and then emphasized the advantage of a BRT
as the most cost-effective way to mitigate traffic congestion. The ten developed
CTfastrak stations are bilateral and have passing lanes at each station. In addition,
the stations have high-quality amenities, such as heating, glass windbreaks, wooden
seating, lighting, information displays, corridor maps, and station area maps. A 5mile separated multi-use trail parallel implements the nonmotorized transportation
to the busway, and bike racks are available at each station.
The fleet of 48 buses (twelve 60-foot, low-floor articulated, clean diesel-electric
hybrid buses, twelve 30-foot buses, eighteen 40-foot buses, and six 45-foot buses)
was purchased for $20.2 million(Aileen Carrigan, Julia Wallerce, and Michael
Kodransky 2019). The capital cost for CTfastrak is more than half a billion dollars.
Thus, it's the most expensive BRT corridor in the United States. Of the total $567
million spent on the project, 67% was spent on infrastructure, while 4% (or $20
million) was used on 48 buses. Before CTfastrak, the corridor carried approximately
8,500 passengers per day. The total ridership on all the CTfastrak routes and the
CTtransit routes that use part of the corridor today now averages nearly 18,000
passengers on a weekday. After all, the BRT project generated 4,000 construction
jobs and 100 permanent jobs, and with CTfastrak, employment within the metro
region is now more accessible to residents.
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CASE STUDY: RICHMOND, VIRGINIA’S THE PULSE BRT THE REGION’S
FIRST RAPID TRANSIT CORRIDOR

Between the 1990s and early 2000s, as Broad Street became the region's
economic center, it eventually increased congestion. The implemented BRT
corrdiors are center-running BRT corridors, curbside bus lanes, and mixed traffic
depending on the route's condition. The BRT route length is 7.6miles connecting
the City of Richmond to the west. Thus, 1/4th of the Richmond population and
2/3rd of its job within a half-mile to the BRT route.
The implemented features along the BRT route include wider sidewalks, new
curb bulb-outs, and more visible and protected crosswalks. Near to the VCU campus
is a bike-share integration with the bike-share program. The Pulse service utilizes
40-foot, low-floor, compressed natural gas buses. For the 7.6- mile route, the total
capital costs of the Pulse were $64.9 million ($9.8 million for vehicles and $11.5
million for construction). Contrary to the CTfastrak, capital costs were one of the
lowest among U.S. BRT projects. The Pulse BRT opened to the public on June 24,
2018, and while the fares were free, almost 57,000 passengers rode the new BRT.
Through time after the implementation, the daily ridership is approximately 7,075
passengers, indicating an increase of 17%. During peak hours, it runs every 10
minutes and 15 to 30minutes during off-peak hours. The BRT bus schedule is from
5 AM to 1 AM on weekdays and 6 AM to 1 AM on weekdays. Therefore, the BRT
is available to the users throughout the week.
•

CASE STUDY: ALBUQUERQUE RAPID TRANSIT (ART) BRT REINVENTING
ROUTE 66

The City of Albuquerque, New Mexico, plans to transfigure the auto-oriented
historic route 66 into a walkable and transit-oriented street with an 8.8-mile-long
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BRT corridor. The Central Avenue corridor in Albuquerque main street connects
important neighborhood nodes like Old Town, Downtown, Nob Hill, and the
University of New Mexico campus. The Albuquerque Rapid Transit (ART) aims to
improve transit speed and reliability on a vital transit corridor that serves lowincome residents while also helping revitalize the corridor by attracting new
development.
The 8.8-mile BRT corridor runs along Central Avenue from Coors Boulevard
in the west, across the Rio Grande, through downtown Albuquerque, past the
University of New Mexico campus, and terminates at Louisiana Boulevard east
(Aileen Carrigan, Julia Wallerce, and Michael Kodransky 2019). There are 19 stations
along the corridor, and 15 are median stations. The stations have a shelter made of
tensile fabric roofs, which is beneficial to the weather variability of the region. The
starting and end point of the corridor is known as low-density and auto-oriented
development. However, what’s in between is a denser urban development along
narrower streets.
The ART corridor configuration follows median-aligned BRT lanes,
bidirectional BRT Lanes, reversible BRT lanes, and one-way street pairs. During the
operation phase, the buses arrive every 7.5 minutes from 6:30 AM to 6:30 PM and
every 15 minutes during off-peak hours. Moreover, the BRT service is out of service
on weekdays at 9.:30 PM, 9:00 PM on Saturdays, and 7:30 PM on Sundays. The
overall capital costs to launch the BRT corridor were approximately $133.7 million.
The original BYD electric buses cost $22.9 million, or about $1.2 million each,
whereas the clean replacement diesel New Flyer buses cost about $870,000 each
(Aileen Carrigan, Julia Wallerce, and Michael Kodransky 2019).
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3.3.2.1 LIGHT RAIL TRANSIT (LRT) Vs. BUS RAPID TRANSIT (BRT)

‘INTERVIEW - (‘RochesterSubway.Com : Rochester 2020 — Rail vs. Fast Buses?’
2009).
‘ROCHESTERSUBWAY.COM: In your opinion, is there a future for local railbased transportation within Rochester and its suburbs?
1. M.R. PERRIN: ‘Assuming that rail-based public transportation is the best
future option for Rochester and its suburbs is just that: an assumption.
Numerous factors determine the optional facilities to comprise a regional
transportation network, and costs (both capital and operating) are a primary
consideration. There is another ‘fixed guideway’ option: BUS RAPID
TRANSIT, which is less costly and more flexible than rail-based options. In
addition, improving current bus operations through ITS via signal
prioritization and advanced traveler information systems for RTS buses is
being evaluated and implemented to varying degrees right now.
ROCHESTER SUBWAY.COM: What would be an example of a corridor in
our area that would be a candidate for a fixed guideway system? What
destinations might be connected?
1. M.R. PERRIN: ‘GTC has identified commuter corridors for the Rochester
Transportation Management Area, including Monroe County and the
surrounding areas to the south and east in Livingston, Ontario, and Wayne
Counties. The most prominent one at present would be a subset of Commuter
Corridor 8 from, at a minimum, the extending the line south through portions
of Brighton to the Rochester Institute of Technology and potentially north to
the Port of Rochester/Charlotte. If the community were to commit to
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implementing fixed guideway transit, it would have to save to a system that
would connect our multiple activity centers, including (points downtown, GRI
Airport, Charlotte, etc.)’.
ROCHESTERSUBWAY.COM: If Rochester, NY, were to implement BRT, what
other cities might serve as a role model for that system?
2. M.R PERRIN: ‘Bus Rapid Transit (BRT) is still a new fixed guideway option,
but a few examples offer insights into its effectiveness and potential pitfalls.
The two most extensively cited examples are in South America: the
Transmilenio in Bogota, Columbia, and the Curitiba, Brazil BRT system.
However, there are marked differences between factors affecting transportation
choice in these areas and Rochester, New York – namely, private vehicle
ownership.
Albany, NY, Hartford, CT, and Eugene. However, every area is unique, and
success or failure in another country may not indicate the benefits/impacts
of implementing BRT (or any other fixed guideway system) here.’ OR are
some of the projects that may be fair comparisons.’

• Case study: Bogota, Columbia
TransMilenio is a BRT found in Bogota, Colombia. It consists of several
interconnected BRT lines. Four lanes down to the center of the street are bus lanes.
The buses are diesel-powered. Initially, the buses had a capacity of 160 passengers.
In May 2007, the capacity increased to 270 passengers with the bi-articulated bus.
Some main TransMilenio stations have bicycle parking facilities to facilitate cyclists
using the system (‘TransMilenio’ 2021).
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Source: (‘RochesterSubway.Com : Rochester 2020 — Rail vs. Fast Buses?’ 2009)
Figure 3.7 BRT in Bogota, Colombia

•

Curitiba, Brazil

The second largest BRT system is Rede Integrada de Transporte in Cuiritiba,
Brazil. The transportation system in Curitiba is mainly buses. In Curitiba’s BRT has
shifted from automobile to bus travel. Based on 1991 traveler survey results, the
estimated cost of the BRT's introduction had caused a reduction of about 27 million
auto trips per year, annually saving about 27 million liters of fuel (‘Curitiba’ 2021).
As a result, air pollution is significantly lower now in the city. Curitiba has 1,100
buses that make 12,500 trips each day, give service to 1.3 million passengers, and
has the most extensive bi-articulated bus system globally, with 250 passengers. The
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bus operates only with soy-based biofuel, which reduces pollutants estimated by
50% (‘Curitiba’ 2021).

Source: (‘RochesterSubway.Com : Rochester 2020 — Rail vs. Fast Buses?’ 2009)
Figure 3. 8 Rede Integrada de Transporte (RIT) in Curitiba, Brazil.

•

Eugene, OR

The Emerald Express (EmX) is a bus rapid transit (BRT) system in the
Eugene-Springfield metropolitan area in Oregon, United States (‘Emerald Express’
2021). In 2007 the first route opened by connecting downtown Springfield to
downtown Eugene, including the University of Oregon. The EmX system has a
dedicated bus lane for most of the road. It has achieved an award for Sustainable
Transportation. In January 2011, the EmX extended its connection to the Gateway
Mall, Sacred Heart Medical Center at RiverBend, and international way. Onward in
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September 2017, the extension expanded even further. Thus, under its BRT
Standard, the Institute for Transportation and Development Policy (ITDP) has given
the EmX corridor a Bronze ranking.

Source: (‘Curitiba’ 2021)
Figure 3.9 EmX buses at Agate Station, with the dedicated busway

•

Albany, NY

Capital District Transportation Authority (CDTA) named the BRT service as
‘BusPlus.’ CDTA’s BusPlus service is the first and only BRT operating in Upstate
New York. The award-winning service has resulted in 20% ridership gains and has
CDTA positioned to expand BusPlus service to other high-volume corridors as part
of a plan to develop 40 miles of BRT (‘BRT | Www.Cdta.Org’ n.d.)
•

Buffalo’s Light – Rail Rapid Transit System (LRT)

The 1976 agreement-in-principle by the Urban Mass Transportation
Administration (UMTA) to participate in the financing of Buffalo’s $336 million
light-rail rapid transit (LRT) project was the culmination of almost ten years of
planning by the Niagara Frontier Transportation Authority and the Western New
York Community for an integrated bus and rail rapid transit system (Kenneth G.
Knight 1978). LRT combines the best features of both the heavy-rail transit (HRT)
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and light-rail transit (LRT) alternatives. Transit system alternatives for an enlarged
Buffalo Amherst-Tonawanda corridor feature three primary modes: bus, LRT, and
HRT (Kenneth G. Knight 1978).
1. The LRT alternative was more cost-effective than the other rail alternatives
based on total costs, including capital and operating costs. It held not only
for the initial 10.3km increment but also for the extensions.
2. The LRRT concept minimized the system’s annual deficit for all the
alignment alternatives studied. The LRRT system would carry almost 80
percent more riders per year in 1995.
3. Extensions to the minimum LRRT system greatly enhanced the system’s
financial performance. It reduced the costs per passenger carried and total
system deficits.
4. The surface running LRRT system became the central transportation feature
of Buffalo’s transit shopping mall on Main Street for about 1.6km (1 mile).
Although, the construction of a surface system in the central business district
(CBD) mitigates many adverse environmental impacts.
5. The LRRT alternative facilitates access to the rail system by providing six
surface stations in the CBD. It would bring the stations within easy walking
distance for most CBD employees.
6. The construction of the LRRT system brings substantial economic benefit to
the entire western New York area. The long-term transportation and
quantifiable indirect community benefits offset a high percentage of the
system’s construction costs.
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Source: Pinterest (‘(198) Pinterest’ n.d.).
Figure 3.10 Buffalo, NY, Light Rail Transit (LRT)

3.3.2.2 ELECTRICITY BASED PUBLIC RAIL TRANSPORT
Electric rail technology is increasing its presence in many urban centers
worldwide. The benefits of electric rail systems, such as reliable and safe
transportation service to commuters, higher energy efficiency compared to other
modes of travel, reduced local air pollution and carbon emissions, reduced
congestion, and improved energy security by reducing oil dependency (Chaturvedi
and Kim 2015). According to the study, the electric rail policy minimizes the energy
and emission from the transportation sector. In addition, an increased share of
electric rail advances the energy security for oil-importing nations, reduces vehicular
congestion and road infrastructure requirement.
The overall passenger travel demand is related to worldwide population
growth and GDP. The global population growth in 2005 was 6.46 Bn and the
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expected growth of 9.19 Bn in 2070. The overall passenger travel demand grew from
37 Trillion passenger kilometers (Tr-pKm) in 2005 to 140 Tr-pKm in 2095.
According to the figure, the dominant mode of transportation is light-duty vehicles
(LDVs, including private cars, taxis, and two-wheelers). Nevertheless, bus share
decreased from 40% in 2005 to less than 20% in 2095 as incomes rises and people
shift towards private modes due to the rising value of time and the demand from
increased transit speed and convenience of private modes (Chaturvedi and Kim
2015). The transport sector's energy consumption is mainly fossil fuels, with
alternating use of electricity and gas.
In developed countries, an increase in electric rail service has caused a
decrease in LDV service. Also, the accelerating rise in electric rail in developing
countries resulted in a decline in LDV and bus services. The modal shift of
transportation will simultaneously lower the final energy consumption and direct
emissions from the transportation sector.
The emphasis of climate policy is economy-wide emission reduction. The
main aims of the electric rail policy are reducing energy consumption and direct
emissions from the transport sector. In 2095 the electric rail policy will reduce direct
emissions from the transportation sector by 8-49% and 4-20% decrease in energy
consumption. Although, the CO2 Climate Policy will reduce direct transportation
emissions by 30% and transportation energy consumption by 17%. Therefore, the
electric rail policy successfully meets the energy and emission reduction from the
transportation sector, and the Climate Policy overcomes the fuel and emissions for
the entire economy.
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Source: Long-term energy and emission implications of a global shift to electricitybased public rail transportation system (Chaturvedi and Kim 2015).
Figure 3.11 Global passenger service under reference and climate policy scenario

Urban centers usually face the problem of road congestion due to increased
demand for LDV services. The primary outcomes of road congestion are increased
road stress, the health impact of local pollutants, and decreased reliability of
transport services. The way to mitigate road congestion is by promoting the
increased use of urban rail systems. Globally, LDV service increased from 13 trillion
vehicle km in 2005 to 45 trillion vehicle km in 2095 (Chaturvedi and Kim 2015).
Although, the global bus services increased by 2.5 times from 20Mn in 2005 to 52
Mn in 2095 passengers. The increase in vehicles and transportation systems from
2010 to 2050 will result in 25Mn paved lanes-Km globally. According to the 50%
rail share policy, rail service increased 52 times from 14Bn-Km in 2005 to above
712Bn-Km in 2095. Thus the 50% rail scenario indicates that the global road
infrastructure of the 21st century reduced from 36Mn lane-Kms to 11Mn lane-Kms.
Moreover, higher travel speeds for rail imply more excellent transport service
reliability. The shift of road to rail transport has the ancillary benefit of reduced road
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congestion and potential increased reliability of the overall transport system
(Chaturvedi and Kim 2015).

Source: Long-term energy and emission implications of a global shift to electricityFigure 3. 12 (a) Global transportation sector final energy consumption, (b) global
transportation sector emissions, (c) global electricity generation, (d) global electricity
sector emissions, (e) global primary energy consumption, and (f) global emissions for all
scenarios.
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Electric rail systems require a high capital cost with an expensive track
infrastructure. The cost of rail infrastructure depends critically on whether the
network is surface or subsurface, whether geography is elevated and hilly or runs
through plains, whether the area is densely populated or is more spread out, etc.
(Chaturvedi and Kim 2015). As this is the technical factor, the economic factor
includes the labor and resource cost. A public transportation system with higher
capacity factors has flexibility in organizing its operation costs. Different regions
have various transportation requirements due to land use patterns, population
distribution, and economic activity. The life-cycle prices are dominant on the initial
investment and capital assets. In many cities, the electric metro rails technology is
advancing to meet the social benefit of urban and peri-urban areas. Therefore, the
high initial investment of electric rail can impede promoting this technology
onward.
Electric rail policy's two main beneficial factors are enhanced energy security
for oil-importing nations through reduced dependence on oil for transport service
and road congestion. The main climate mitigation policy implication is shifting
towards electricity-based public transportation and electricity rail-based system
electrification. The oil demand decreased as an increasing share of electric rail
occurred. If the public transportation demand is planned regularly in developing
countries, it can provide a secure, reliable, and affordable solution to society and
the environment. The community can benefit from the mixed private and public
electricity-based transportation modes. To achieve a sustainable transportation
system, dependence on public transportation and electric rail is primary. Therefore,
electric rail-based public transportation systems are a definite alternative source of
transportation throughout the world.
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3.3.2.3 TRANSIT-ORIENTED DEVELOPMENT (TOD)
The New Urban Planning ideas in the United States were launched in the
1990s by P.Calthorpe’s as a Transit-oriented Development or Transit-oriented
Design (TOD) (Bai et al. 2012). TOD's definition is the high-density residential,
retail, office, public facilities, open space, mixed land-use patterns. The
implementation of TOD signifies that public transport is dominant to a more
intensive way of evolution of multi-center, guide the flow of urban traffic, reduce
car usage, and relieve the severe problem of urban traffic. The urban land use
development model will enhance the urban groups’ limited space resources and is
suitable for multi-center and scattered groups. Transportation planning determines
the land use patterns, attracts traffic flow and distribution patterns, selects the traffic
structure, and changes the urban system.
Moreover, the beneficial factor of TOD mode of the transportation system is
it improves the shopping, entertainment, leisure, work, living conditions, minimizes
residents travel distance, etc. Alongside establishing a highway, a bus lane mitigates
the most traffic congestion. The highway bus lane can encourage residents to use
public transportation and reduce peak hour traffic congestion. The criteria for the
transportation planning program should be by evaluating the users' needs first, the
operation and maintenance costs, the general public's interest, technical evaluation,
economic evaluation, and social evaluation of environmental benefits. The land-use
types determine the evaluation system of TOD. The development of TOD as the
transport hub for the city center; encourages residents to group internal travel, use
public transportation more often, introduce hub-oriented planning, create a
connection between urban groups, and provide opportunities to overcome traffic
congestion.
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Source: Towards a Conceptual Framework for Understanding the Attractiveness of
Rail Transit-Oriented Shopping Mall Developments (TOSMDs) (Abutaleb et al.
2019).
Figure 3. 13 Regional development model based on the TOD

The TOD design combines the public transportation system and urban
development planning. The combination provides a walkable environment and
public transportation system that includes pedestrian space design and green public
transport.

The

core

of

TOD

planning

is

to

reduce

car

dependency,

advancement/increase of walking, cycling, buses, and other green transportation
modes.
Nowadays, cities face a significant challenge regarding low carbon emission.
Integrating land use and TOD planning improve greenhouse gas emissions and
ongoing low-carbon development in the urban structure. The urban development
model is subdivided into automobile-oriented development (AOD) and transitoriented development (TOD) based on the integration and mutual benefit of land
use and transportation systems. The reason TOD is essential is the model
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advancement is its ability to solve car dependency problems, urban sprawl,
suburbanization, traffic congestion, energy consumption, and air pollution.
Moreover, the development of TOD in cities is the primary source of greenhouse
gases emission reduction. Although implementing the 5D TOD model (density,
diversity, distance, destination, and design) in land use planning is a method of
emission reduction. Within the past two decades, car dependency and the
advancement of automobile-oriented development (AOD) have increased globally.
Consequently, the issues related to it include urban sprawl, environmental
pollution, financial scarcity, resource consumptions, economic recession, higher
insurance costs, traffic congestion increased transportation costs, reduced safety, and
lessened physical health.
The 5D concept in the TOD planning model positively impacts climate
change. The positive benefit of the 5D image is listed as follows:-

Density: Increasing public transportation planning will simultaneously
increase public transportation use, reduce car dependency, and mitigate
carbon dioxide emissions.

-

Diversity: The close compacted and mix-using community development can
strengthen the use of public transport and reduce private vehicles and reduce
carbon dioxide emissions.

-

Distance: The public transportation nodes within walking distance can
increase the willingness to walk and reduce energy consumption and carbon
footprint.

-

Destination: The checkerboard network structure can reduce the length of
trips, which lowers carbon emissions.
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Design: the public transportation network system with people-oriented
centers can reduce the use of private vehicles and strengthen public transport
use.

Source: Sustainable transportation systems: Plan, Design, Build, Manage, and
Maintenance: proceedings of the Ninth Asia Pacific Transportation
Table 3. 2 The relationship of land use planning and transportation

The practical measures to achieve energy efficiency and lower operating costs
include re-designing traffic signals, renovating bus station design, and training bus

58

LITERATURE REVIEW

LELISE T. BEKELE

drivers about eco-driving. Thus, the implementation of exclusive bus lanes started
attracting users in 1997 and continually increased usage. The line's name is “Gold
Lines,” They give a right-of-way for bus operations.
For example, Taipei's separate bus lane system has successfully improved bus
efficiency and increased the number of bus passengers. The increased percentage of
idling time of the bus-lane operation in peak and off-peak periods has also resulted
in reduced efficiency in bus operation and fuel consumption. Therefore, the
proposed procedure to minimize the idling time includes re-designing the bus
stations for better accommodation and upgrading traffic signaling systems. Since bus
operators favor operations in the bus lanes because of their high patronage and high
operators providing “Green Buses” and “eco-drivers” to operate on the bus lane
system may help the overall energy performances of the bus lane system as a whole
(Bai et al. 2012).
The sustainability of cities obtains through a transportation system that can meet
economic growth, the environment and increase people’s quality of life. The
positive aspect of sustainable urban transport to society includes employment,
education, and leisure. The main objective of a sustainable transport policy is to
integrate the transport policy with land use policy and to lower the need for
transport.
The following are a list of the potential effects of active transport levels:
-

Mobility and Access to opportunities: economic activities, recreational
activities, vertical equity, lower mobility costs, etc.

-

Liveability: option value for future use, community cohesion and social
capital, open space preservation for walking and bicycle trails.
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Environmental: the air-quality improvement in urban areas, reduction of
traffic congestion levels, fossil fuel/non-renewable energy consumption
reduction.

-

Safety: reduction of traffic accidents, positive impact on perceived levels of
protection, and crash risk,

-

Health: reduction of all-cause mortality, reduction of risk of specific diseases,
decrease in morbidity effects, government/health sector, and business savings
(Attard et al. 2015).

The World Health Organization (WHO) - Health Economic Assessment (HEAT)
Method is rewarding when planning for walking or cycling infrastructure,
identifying the most cost-effective investment toward health benefits, and estimating
economic savings. For walking, the relative risk estimate is 0.78 (from the metaanalysis of reviewed studies), which corresponds to an average walking exposure of
29 minutes for seven days a week at 4.8km/hr (baseline volume of walking). For
cycling, HEAT takes the reference risk value from the Copenhagen Centre for
Prospective Population Studies (cohort studies), which found that individuals who
regularly cycle 3 hours/week (for 36 weeks of the year) reduce their relative risk of
all-cause mortality to 72% in comparison to commuters who do not cycle
commuters (Andersen, Schnohr, Schroll, & Hein, 2000). The indicators for the
economic appraisal for HEAT are the benefit-cost ratio, the expected annual health
benefits, and the net present value of the health benefits over the financial period
of analysis of the walking investment.
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3.3.2.4 INTEGRATING BRT with TOD
The Bus Rapid Transit (BRT) is a cost-effective alternative means of
transportation. BRT aims to serve lower density, outlying settings. Under the right
conditions, BRT can also influence urban redevelopment and shape urban growth
in more sustainable formats. The Institute of Transportation & Development Policy
(ITDP) defines BRT as a “high-quality bus-based transit system that delivers fast,
comfortable and cost-effective urban mobility through the provision of segregated
right-of-way infrastructure, rapid and frequent operations, and excellence in
marketing and customer service”(Cervero and Dai 2014). BRT in the global
campaign has a significant role in sustainable transport and urban forms. It’s also
more cost-effective than its alternative, metro rail transit.
Over 168 cities worldwide have implemented the BRT system and collectively
transport around 28 million passengers each weekday. The global BRT system covers
3,000 corridors, 4,400km of routes, 6,700 stations, and 30,000 buses. The
advancement of BRT investment in each city varies. For example, the pioneers
Curitiba and Ottawa BRT is built because it's affordable than Light Rail Transit
(LRT). Meanwhile, megacities like Jakarta, Bangkok, and Sao Paulo invested in BRT
to save costs and ease traffic congestion. In Europe, BRT is called Buses with High
Level of Service (BHLS). The BHLS system is an affordable alternative to tramways
and enhances service reliability, punctuality, and comfort along existing roadways.
The BRT in most cities, built within the past 15 years. The leader in the BRT
system in Brazil, then Latin America. To date, Latin America is the epicenter of the
global BRT movement. Since 2005 China has been mimicking Latin America’s
footprint in dedicating lanes for BRT services.
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KEY VARIABLES
BUS RAPID TRANSIT (BRT)

TRANSIT ORIENTED DEVELOPMENT (TOD)

Dedicated Right of way

Perceived risk of capital (BRT Vs. LRT)

Busway Alignment

Competitive advantage in the real estate market

Off-Board Fare collection

Subarea infrastructure investments

Priority Signals

Planning vision and cohesion among property

Platform Level Boarding

Connectivity- employment/res/entertainment

Dedicated traffic signals

Strength of local real estate market

Source: (‘BRT and TOD - Rail~ BRT Los Angeles Orange Line BRT Ottawa
Transitway BRT PortalndMAX Blue Line LRT’ n.d.)
Table 3. 3 Key factors of BRT and TOD

The main question behind the investment of the BRT system is whether it
promotes a transit-oriented development (TOD) with compact, mixed-use,
pedestrian-friendly development organized around a transit station. The TOD
system is considered an efficient and sustainable urban form. Furthermore, an
advanced TOD design increases and serves as a hub for community development
and revitalizing long-distressed urban districts (Cervero and Dai 2014). Hence, BRT
is more suitable for TOD's low-to-moderate density, residentially oriented market
niche (Cervero and Dai 2014). Bus-based systems are considered more “adaptive”
to cityscapes in the transit Metropolis, serving existing built forms and shaping
future ones (Cervero, 1998). Globally the leaders in BRT TOD are Ottawa and
Curitiba. BRT is a mobility investment and an opportunity to shape urban growth
in a more sustainable, transit-oriented format (Suzuki et al., 2013).
Urban densities significantly impact transit ridership either for bus-based or
rail systems. A BRT system that costs the US $50 million per mile (or per 1.61 km)
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needs at least 18 jobs and residents per acre (or 45 per hectare) within a half-mile
(or 0.8km) of its station to be in the top 75% of cost-effective investments (Cervero
and Dai 2014). The BRT system works best at lower density or spread-out
development patterns. It represents the advantageous extremity and flexibility of the
BRT systems functioning suitably in high-density corridors like Curitiba and spreadout locations in Guangzhou.
3.3.2.5 TRANSPORTATION MODES AND NODES
The Centre and South Street corridor is a two-mile stretch between Jackson
Square and Forest Hills in the Boston neighborhood of Jamaica Plain/JP (‘Centre
and South Streets Streetscape & Transportation Action Plan’ 2011). It's a very active
area with large community-based retail and service businesses. Jamaica's plan is the
bicycling hub of Boston. The purpose of the Jamaica Plain Centre/South Streetscape
and Transportation Action Plan is to develop preliminary designs for streetscape and
transportation improvements at designated locations (‘Centre and South Streets
Streetscape & Transportation Action Plan’ 2011). The Action Plan serves as a
recommended improvement design to address the following:
•

Improve safety and accessibility,

•

Enhance the pedestrian environment,

•

Promote bicycling, improve traffic flow,

•

Manage to park, and

•

Facilitate access to public transit.
Based on the developed vision for the Centre/ South corridor, a preliminary

conceptual design is too specific transportation nodes within the corridor. The
selected three transportation nodes for developments include Hyde Square,
Monument Square, and Jackson Square to Mozart Park.
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Hyde Square is an important commercial area on the Centre/South corridor.
It is mainly a mixture of residential and commercial buildings. The issue for the
node is that it causes impediments to the pedestrian crossings because of street width
(over 60 feet). Meanwhile, the sidewalks are often inadequate for the level of
pedestrian activity and do not provide the space needed to create a plaza, retail, or
seating space in Hyde Square (‘Centre and South Streets Streetscape &
Transportation Action Plan’ 2011). Therefore, Hyde Square's redesign aims to trade
roadway space for pedestrian/ plaza space. The design shown best integrates the
desired functionality of Hyde Square for all transportation modes and incorporates
design goals with the following features (‘Centre and South Streets Streetscape &
Transportation Action Plan’ 2011):
•

Pedestrians: To widen all the sidewalks, pedestrian ramps, and
crosswalks will be ADA compliant.

•

Bicycles: Incorporating the bicycle lanes and shared lane markings
installed—additional room for bicycle racks in the plaza areas.

•

Design: Balancing the plaza area throughout the square to ensure
improvements and space for seating area adjacent to restaurants &
commercial uses,

•

Sustainability: Planting trees with spreading varieties and rain gardens
are recommended and shown on the south side of Hyde Square.
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Source: Designing Transportation Nodes
Figure 3. 2: Hyde Square streetscapes & transportation action plan

Monument Square: represents a historic center with prominent buildings
defining its edges. Monument Square is a central point between the Centre and
South Street commercial districts and also serves as a transportation hub with several
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bus routes connecting in the Square (‘Centre and South Streets Streetscape &
Transportation Action Plan’ 2011). The main issue of the square is at pedestrian
crossings, and sidewalks' paths through the square are hard to navigate. Most of the
traffic congestion occurs in Monument Square. Therefore, the goal of minimizing
the congestion is primary. The square is in the heart of the district, and it has the
potential of providing community use such as farmers' markets, ceremonial space,
and playgrounds. Thus, two alternatives used to tackle the occurring issue are: •

Expanded park concept: - maintaining passive space around the
Soldier’s

Monument

contemplative

nature,

to

preserve

the

incorporating

historic

pedestrian

sanctity
and

and

bicycle

connections throughout the square, and creating space for community
use.
•

Enhanced Island concept: - incorporate a bus shelter, a traffic signal at
the intersection of Centre Street eastbound and South Street, and
upgrade all sidewalks beyond ADA accessible requirements.
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Source: Designing for Transportation Nodes
Figure 3.15 Monument Square streetscapes & transportation action plan

Jackson Square to Mozart Park: the portion of the Centre street corridor is a
dense commercial district with a central bus hub and mixed-use development. Since
the mixed-use development of the area is not aligned correctly throughout the
corridor, there is a gap and discontinuity in the street wall. The main challenges are
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relatively narrow sidewalks, irregular crossings, concentrated pedestrian activity
approaching the Jackson Square MBTA station, and the sidewalks limit is only 8
feet.
Therefore, to reverse this issue, the goal is to add sidewalks where it's
essential, and widen sidewalks on both sides of the parking lot, create a small plaza
at the intersection incorporating benches and trees, and plant additional shade trees
behind the sidewalk to provide a canopy over the sidewalk.

3.3.3 LIFE CYCLE ASSESSMENT IN SUPPORT OF SUSTAINABLE TRANSPORT
The Life-Cycle Assessment (LCA) analyzes existing environmental impact
assessments by considering emissions from construction and operations. The energy
use and emissions produced can differ across modes during the operation phase. For
example, an electric-powered light rail vehicle emits no tailpipe emissions from the
operation, but the electricity it uses creates emissions upstream (Mikhail Chester†1
et al. n.d.). Therefore, LCA is beneficial to compare emissions and energy use of
various modes. LCA mainly focuses on the vehicle and the energy production cycles.
It helps in providing information about the life-cycle footprint of transportation
systems.
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Source: World Auto Steel
Figure 3. 16 Category Indirect GHG emissions from the transport of people and goods, for
all types of vehicle (Road, rail, air, and sea)

LCA should include environmental indicators such as environmental effects (e.g.,
greenhouse gas emissions, criteria pollutant emissions), costs, labor requirements,
etc. For example, an LCA of electric cars should track greenhouse gas and human
health effects. An LCA of transportation systems should include energy inputs,
emissions of greenhouse gases, and air pollutants. Although having other forms of
energy is beneficial, such as primary vs. secondary energy, fossil vs. non-fossil fuels,
electrical vs. non-electrical, and renewable energy and non-renewable energy. After
selecting the system boundary and the environmental indicators, the LCA should
include a functional unit. For passenger transportation LCA, results per vehicle mile
traveled (VMT), or passenger mile traveled (PMT). For regional inventories, the
VMT functional unit is suitable. A PMT available unit can be applied if it evaluates
system ridership characteristics. For bus rapid transit systems, electricity for signaling
can be significant. Strategies that reduce electricity use for these components or rely
on renewable electricity are likely to benefit the system’s life-cycle footprint.
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The final stage of LCA is impact assessment or the connection between energy
use and emissions and human health and environmental impacts. For transportation
LCA, the impact categories are material depletion such as primary energy
consumption, climate change, human health, and ecosystem quality.
3.3.3.1 EVALUATION OF SUSTAINABLE URBAN TRANSPORT
Since 2000, the global biofuels supply has increased by a factor of 4% of the
world’s transport fuels in 2015 (de Souza et al. 2018). Biofuels are one of the
sustainable fuel types. Biofuels increase energy self-sufficiency, reduce import costs,
and strengthen domestic agriculture development. The alternative transportation
system model that can potentially reduce CO2 emissions is Electric Vehicles (EVs).
According to the mandate of Germany, automobiles with Internal
Combustion Engines (ICEs) can only be sold up to 2030 and driven till 2050; from
then onward, the resolution is to use EVs only. Due to that, Germany’s Federal
Council is banning ICEV fueled vehicles by fossil fuel as of 2030 and a carbon
reduction of 95% by 2050. One of the top-ranking EV advancements is in China,
with 649,000EVs, then following China, the second top country includes the US
with less than 565,000 EVs, third is Japan with 152,000 EVs, fourth is Norway with
135,000 EVs, and fifth in the Netherlands with 115,000 EVs on its road. The issue in
conjunction with the advancement of EVs is the sufficiency of renewable energy
supplies to power the large number of EVs.
Charging EVs with fossil fuel-generated electricity will unlikely reduce the
Greenhouse Gases (GHG) emissions. That's why assessing the environmental
impacts of the different alternative scenarios of fuel consumption and vehicles such
as those used in Brazil is necessary. In 2016 the energy matrix data in Brazil included
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84.5% of electricity from renewable energy sources such as 71% hydropower, 7%
biomass, 6% wind energy, and 0.5% solar energy. In 2016 the renewable energy
sources for the remaining world were only 23.65%. In Brazil, using sugarcane
ethanol in ICEs is proposed for a more renewable and sustainable energy matrix to
promote environmental sustainability and reduce more than 80% of GHG
emissions. The alternative vehicles other than ICEVs are Battery Electric Vehicles
(BEVs) and Plug-in Hybrid Electric Vehicles (PHEVs), reducing GHG emissions and
energy consumption. Modulating BEVs with biofuels and natural gas is more
sustainable.

Source: (‘Graph of the Day: Who Drives Electric Cars?’ 2013)
Figure 3. 17 Evaluation of sustainable transport
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3.3.3.2 LIFE CYCLE ASSESSMENT OF PUBLIC TRANSPORT
Diesel-fueled buses are the primary source of pollutant emissions, including
toxic gasses such as carbon dioxide (CO2), carbon monoxide (CO), sulfur dioxide
(SO2), sulfates (SO4), nitrogen oxides (NOX), particulate matter (PM2.5 AND
PM10), and volatile organic compounds (VOCs). The listed air pollutants are a
source of smog formation, heart diseases, respiratory illnesses, and premature death.
In 2010 diesel buses in the European cities understudy with EURO III engine
technology emitted 900,646 tons of CO2 whereas EURO V engine technology buses
emitted 49,628 tons of CO2; thus, the emitted CO2 per kilometer driven decreased
(Nanaki et al. 2017). Euro II vehicles have the most significant air emissions. (Figure
8.20). The highest diesel buses emissions are in Madrid, ranking 1,028,422 tons of
CO2 and the lowest is in Rzeszow with 12,170 tons of CO2. (Figure 8.21). Although
the CO emissions peak is evident in Madrid and Barcelona, the diesel buses
emissions are 661 and 151 tons of CO. However, Rzeszow's lowest CO emissions
rate is 13 tons. The CNG bus fleet is a EURO II engine vehicle, and the emitted
particles are ten times lower. Using CNG engine buses has decreased the NOx
emissions compared to diesel engine buses.
Transportation mobility is tremendously essential for economic, social, and
environmental well-being—most transport demand with GDP. Whenever there is
an increase in GDP, there will be a decrease in bus fares, an increase in car
ownership, and lower public bus use. The reduction in bus fares has a short- and
long-term effect on the environment, society, and economy. A method to overcome
this effect can be by increasing the automotive fuel taxes to shift users to public
transportation, increasing car-sharing, decreasing car use, advancing fuel-efficient
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cars, reducing commuting distance, etc. Moreover, since in dense urban areas
services are clustered, and walkability is advantageous, the carbon emission per
capita is lower. The carbon emissions generated in cities are dependent upon
income level. Thus, can be seen in Copenhagen a city with a high-income level and
low level of CO2 emissions. Almost ⅔ of the transportation system in Copenhagen
is done by walking and bicycling and only 8% by bus. (Figure 8.30). However, for
all the methods mentioned above, it is noted that alternative fuels for public
transport, such as different blends of biofuels, can reduce local pollution and health
inequality, leading to a low carbon transport system (Nanaki et al. 2017).
3.3.3.3 ALTERNATIVE PRIMARY ENERGY SOURCES
Alternative sustainable transport is the production of hydrogen energy as a
fuel source. The key feature is that the hydrogen produced from the refinery has a
much lower GWP in comparison to the hydrogen produced from the natural gas
steam reforming. For example, Western Australia is wealthy in natural gas and is
importing transport fuel. It can provide economical fuel to developing technologies
until the shift from non-fossil resources is evident.
Bus operation is the primary source of a higher GWP profile of diesel and
CNG systems, while fuel production contributes specifically to the fuel cell bus. The
fuel cell bus makes a difference compared to diesel and CNG buses. The reason is
that the fuel cell technology is in its infancy and developing rapidly, and the diesel
and CNG technologies have been around for more extended periods. Improving
the fuel economy can also potentially reduce greenhouse gas emissions. Refining
the energy efficiency of hydrogen fuel cell vehicles brings an overall emission
reduction to local pollutants and greenhouse gases. The improvements in fuel cell
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operating conditions would improve overall efficiency and ultimately extend the
service life of the fuel cell. The hydrogen infrastructure implemented in Perth
provides a measure of the current state of technology and a benchmark that
measures future progress. The LCA result highlights the critical areas for future
research and realistic scenario analysis of how technological developments can affect
the overall life-cycle profile of the transportation system.

Source: Kelley Blue Book Market Intelligence 2012, WWW.kbb.com
Figure 3. 18 Alternative Fuel Vehicle types

Source: Kelley Blue Book Market Intelligence 2012, WWW.kbb.com
Figure 3. 19 Example of modal shift to an alternative fuel source
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3.3.4 ENERGY CONSERVATION & ENVIRONMENTAL PROTECTION
Worldwide, advanced vehicle technologies such as hybrid electric vehicles
(HEVs), plug-in hybrid electric vehicles (PHEVs), and battery electric vehicles
(BEVs) are part of the ultimate solution to pollution challenges due to the vehicles
significantly higher fuel economy and ultra-low and even zero tailpipe emissions for
both CO2 and air pollutants. Thus, the share of BEVs in the Chinese bus market
climbed from 2% in 2010 to 10% in 2012 and close to 20% soon. Ten’s cities in
China also have promoted the demonstration of “clean'' natural gas buses (i.e.,
compressed natural gas vehicles (CNGV) and liquefied natural gas vehicles (LNGV)
since the early 2000s due to its significant advantage in reducing PM2.5 over diesel
engines.
The emission of BEV and well-to-wheels (WTW) energy consumption is
highly affected by electricity generation mix and generation efficiency. Using HEV
can ultimately reduce petroleum energy use compared to a DV. Thus, the petroleum
energy use in the tank-to-wheels (TTW) stage accounts for more than 90% of WTW
petroleum consumption. Likewise, CNGV and BEV can reduce petroleum by 99%.
Advancing BEV and CNGV as an alternative transportation system can ultimately
reduce dependence on foreign oil. However, WTW fossil energy use results are very
contradictory among regions. A laboratory result for PHEV using a battery size of
36kwh suggests that it can lower fuel consumption by 30-50% in the charge
depleting (CD) mode than a DV. Its fuel consumption reduction is up to 5% in the
order sustaining (CS) mode. Also, HEV reduced CO2 emissions by 23% relative to
a DV.
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Besides energy and environmental benefits, the economic impacts are of
substantial concern. Thus, building a clean and highly efficient public bus fleet is
supremely important for the local government. Therefore, promoting HEV is
essential in all regions to overcome the energy consumption and emissions for the
bus fleet. DLL dependency for public transportation systems should work with HEV,
CNGV, and BEV to have win-win energy conservation and environmental
protection strategy.
3.3.4.1 THE HEALTH IMPACTS OF ELECTRIC VEHICLES (EV)
An alternative to ICEVs to reduce transportation emissions is the E.V.s. E.V.’s
are becoming more available globally and in the United States (International Energy
Agency, 2020). EVs have the potential to reduce both GHGs and other pollutants.
Air pollution remains a significant public health problem in the United States,
despite a substantial drop in PM2.5 concentrations in the past 20 years (U.S.
Environmental protection Agency, 2020a). Although PM2.5 levels seen in the U.S.
and Canada are low compared to other countries, a recent study attributed 213,000
deaths to PM2.5 in the two countries in 2015 (Choma et al. 2020). Thus, eliminating
tailpipe emissions in large metropolitan areas means reducing the health burden of
PM2.5 in the U.S. According to the U.S. Environmental Protection Agency (2020b),
SO2 emissions per KWH decreased by 82% in the past decade, while NOx emissions
decreased by 63% and CO2 emissions by 18%. (Choma et al. 2020). Coal power
plants contribute highly to PM2.5 impacts. Therefore, as coal’s share drops over the
years, the effect on EV will simultaneously decrease (U.S. Energy Information
Administration, 2020).
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Throughout all the cases, the air pollution from EVs is minimal and
categorized under SO2. Reductions in power plant emission rates have prevented
the acceleration in the marginal costs of EV emissions per mile. Electrification's
considerable air pollution benefits are still mainly a consequence of the difference
in the location of emissions between ICEVs and EVs and not of disagreements on
the amounts emitted (Choma et al. 2020). GHG emissions have reduced between
130 and 293g CO2 eq/mile. Over 99% of the GHG impacts come directly from
CO2 emissions for tailpipe and grid emissions. Electrifying 2020 ICEVs cuts the
VMT-weighted mean benefits in half, to 28 deaths/10,000 miles (2.8 c/mile), due
to lower tailpipe emissions.
EVs lead to positive benefits even when newer ICEVs are introduced with
lower emission factors. Regarding life cycle assessments, the differential impacts of
manufacturing an EV compared to an ICEV are small concerning PM2.5 results
(Choma et al. 2020). The battery makes a significant difference between the two
vehicle types, and the life-cycle battery energy consumption is less than 10MWH.
An analysis of the benefits and costs of the Clean Air Act in the 1990-2020 period
by the U.S. Environmental Protection Agency (2011) showed that over 90% of the
benefits come from reduced mortality attributable to particulate matter. Despite
the much higher number of non-fatal endpoints, such as millions of annual asthma
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exacerbations, lower and upper respiratory symptoms (Choma et al. 2020)

Source: Life Cycle Analysis of the Climate impact of Electric Vehicles, VUB university,
Brussels. (Ayre 2017).
Figure 3. 20 Electric vehicles release less CO2 over a lifetime than Diesel Vehicles

3.3.4.2 ELECTRIC BUS SERVICE
In urban locations, diesel buses are the main contributors to air pollution.
Thus, most European countries and China are advancing cleaner CNG and LPGpowered buses. Better than fossil fuels, electricity and hydrogen production can be
substantially decarbonized. Hybrid vehicles (e.g., London and Oxford) produce a
20-40% reduction in ‘well to wheel’ CO2. The only technologies to offer a high
enough decarbonization potential to address the 2008 Climate Change Act are
biomethane, renewable-sourced hydrogen, and battery electric vehicles (Miles and
Potter 2014).
Battery-electric vehicles cost twice as much as diesel. Urban buses typically
cover 60,000-100,000 km per year (around 200-300 km per working day). They
would appear to be a viable market sector for a low CO2 technology. An electric
bus can operate for a little more than a half day without being recharged. Due to
that, the high capital cost of purchasing the buses can still reduce fuel costs. The
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high capital cost compensates for the lower operating costs. The best alternative is
a pure electric bus with an acceptable range like Taiwan. Taiwan proposed using
medium-sized buses carrying 40-50 passengers in mainstream bus operations. The
EV battery packs cost around 500 Euro per kWh (Element Energy, 2012). Therefore,
battery size is crucial for technical performance and economic viability.
The primary measure taken is to lower the battery size for additional capital
costs reduction by reducing the running costs. The best alternative solution is to use
a smaller battery charged more frequently and undercutting the overall price
compared to diesel. In other studies, inductive charging has also been crucial for
any viable electric bus system design.
3.3.4.3 COST-BENEFIT ANALYSIS OF HYBRID ELECTRIC BUS
The life cycle costs of hybrid electric vehicles (HEVs) and battery electric
vehicles (BEVs ) are higher than conventional vehicles. Even if the capital cost is
high for electric city buses, the lower energy consumption reduces the operating
costs. Thus, it is beneficial in analyzing the cost-efficiency of city buses when
reviewing the operating schedule and route planning. According to most research,
hybrid buses help improve energy efficiency and reduce emissions. Likewise, fuel
cell hybrid buses indicate that fuel cell buses are more than double as expensive as
battery electric city buses. Recently full-sized electric city buses have been made
commercially available. Thus, the increased advancement of electric buses provides
an alternative public transportation solution. The plug-in hybrid and electric buses
require dedicated charging equipment and infrastructure for their operation.
Manufacturing hybrid and electric buses are more expensive than manufacturing
conventional diesel buses. That's due to the additional cost of the battery, electric
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motor, and power electronics. The capital cost of parallel and series hybrid buses
are similar. The parallel hybrid might have a lower hybridization rate, but the
electric components have lower power ratings. Also, the energy storage size of the
parallel hybrid buses is small.
The capital cost for the plug-in hybrid is highly dependent on the size of the
onboard battery. The maintenance costs for electric buses are much lower than
conventional diesel buses. The diesel hybrid city buses are approximately around
30-70% more expensive than diesel buses. That is due to the variety of hybrid
technologies. On the other hand, full electric city buses cost much more than hybrid
buses due to the large batteries required. The cost for full-electric buses is twice as
expensive as are diesel buses.

Source: (‘Going Electric Adds up to a Good Idea for NYC Buses’ 2016)
Figure 3. 21 Lifetime cost of electric buses vs. Diesel buses in the U.S. $including cost
savings associated with health benefits

3.3.5 INTEGRATING SUSTAINABLE TRANSPORT with BIKE-SHARING
The acceleration in population growth and transportation demand results in
great need for the transportation and fuel sector by developing traffic congestion,
increasing fuel prices, and degrading air quality. Thus bike-sharing or public bicycle
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programs are considered as an alternative transportation mode. Nowadays, bikesharing has advanced in 500 cities in 49 countries and provides more than 500,000
bicycles. The characteristics of bike-sharing are a “three-S” system: a sustainable
transport mode that can substitute for short trip modes and seamlessly connect with
public transit (Lu et al. 2018).
For example, Montreal’s bike program saved 3 million pounds of GHG
emissions in May 2009. Although according to the Earth Policy Institute, each
shared bike user in Washington DC saves $800 in transportation costs per year on
average (Davis, 2014). Research has revealed bike-sharing being associated with a
small (0.3-0.4%) modal shift away from car use. However, a significant behavioral
modification is seen from public transport, walking, or private bike use (Fuller,
Gauvin, Morency, Kestens, and Drouin, 2013). In Taipei, with the introduction of
YouBike, 35.97% of YouBike trips shifted from a bus traveling, and 34.60% of
YouBike trips shifted from walking, 8.72% of YouBike trips shifted from riding a
private bike, and 6.81% from riding a motorcycle (Pai (2012)).
An alternative mode choice is dependent upon time, price, and convenience.
Four major traits mainly influence traveler choice; travel cost, travel time,
accessibility level, and automobile ownership. Adverse weather conditions such as
cold temperatures, heavy rain, high humidity, and stormy weather decreased bikeshare activities.
The bicycle infrastructure integrated with other modes of public transit aids
in achieving economic benefits (Chow & Sayarshad, 2014; Pucher 6 Buehler, 2009).
The bike-sharing stations in Taipei are located nearby to the metro stations and also
at the bus stations. Some incentive strategies to encourage people to use bike-
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sharing could include the unrestricted use of YouBike when used to connect the
transit with the smart travel card or a 2NTD (roughly $0.66) coupon for every
completed trip subsequent trips (Lu et al. 2018). Likewise, the travel costs and its
connected transit changed, respectively. The simulation result compared with the
BAU scenario of 2015 represents that the bike mode share increases from 5.40% to
6.30%, the share of bus and metro increased accordingly to 2.49% and 2.00%
(that’s decreasing). As a result, the motorcycle mode share decreased by 2.89%.

Source: (‘Bike Sharing Usage Patterns - Bing Images’ n.d.)
Figure 3. 22 The global increase of bike-sharing
BIKE-SHARING USAGE PATTERNS

As of June 2014, public bike-sharing programs were incorporated into 712
cities across five continents, comprising approximately 806,200 bicycles at 37,500
stations (Shaheen et at., 2014). Bike-sharing has evolved over the years, initially
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consisting of free-to-use bike systems followed by coin-deposit systems. Most of
today’s bike-sharing methods are IT-based systems, with some cities incorporating
additional functionalities such as demand-responsive and multi-modal systems with
real-time information (Shaheen et al., 2010). Bike-sharing contributes to
environmental, social, and economic benefits, reducing fuel use, traffic congestion,
health benefits, and mobility.
The data provided on the research dates to 2015 and includes information
about the entire year of operation of the Cork Bikes Scheme. However, the dataset
has gone through a cleaning phase before the evaluation. The first ‘cleaning set’
targeted temporary users or visitors and removed less than 2000 or less than 0.7%
of trip records. The second data set drew trips less than one minute, which means
the bike was in the station. Thus, it removed 20,000 or 7% of trip records from the
dataset. It indicates that most of the trips conducted in the system are short trips,
with over 70% of journeys less than 9 min. The frequency of usage variable shows
that 18% of people use the scheme daily, and around 60% of users twice or once a
week.
Although, the study included how busy the station is, such as having over 50
trips per day and less than 20 trips per day. Another reference point was whether
the bike has the exact origin and destination. Thus only 4% of all trips fell into this
category. The development also examines how the frequency of usage impacts travel
time. According to the result, 82% of the journey is recorded on the weekends. The
results for weekdays show an average trip time of 9-10minutes; this increases to 1213 minutes on the weekend.
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Comparing the results of this analysis with other schemes in larger cities has
several parallels emerge. AM and PM peaks are seen in cities such as Chicago (Zhou,
2015) but are very different from Montreal’s BIXI (Faghih-Imani et al., 2014), where
the system appears to be most popular in the evening and at weekends. The presence
of longer trips at the weekend for the Cork scheme is also seen in an examination
of the Chicago system (Zhou, 2015), while Noland et al. 2016), in their analysis of
shared bikes in New York, also recognize the differences that exist between weekday
and weekend usage, and causal and regular users.
3.3.5.1 WINTER BIKE-SHARING IN THE U.S.
The main pros of bike-sharing are low-cost public transportation options,
health benefits due to improved physical activity, improved connectivity, flexible
mobility, emission reduction, reduced fuel usage, support for multimodal
connections, and congestion on roadways (Godavarthy and Rahim Taleqani 2017).
The bike-sharing program mainly leads in Europe with above 470 cities, Asia with
over 390 cities, North America with 74 U.S. cities, 5 Canadian cities, and 4 Mexican
cities (Meddin, 2016).
Many European, Canadian, and U.S. cities with harsh winters provide winter
maintenance operations to encourage winter bicycle commuters (Godavarthy and
Rahim Taleqani 2017). Thus, most North American cities construct bicycling
infrastructures such as shared bike lanes, physically separated bike paths, greenways,
and the like (Pucher, Dill, & Handy, 2010. The core of the research is to analyze the
availability of bike-share users in U.S. cities to continue using bike-share programs
during the winter season.
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Research indicates that bike-sharing has reduced driving, taxi use, and the
use of public transportation options such as rail, bus, and walking. Thus, shifting to
an alternative mode of transportation such as walking and bicycling is beneficial to
reduce emissions. Study to analyze the public transit modal shift dynamics in
response to bike-share program in two US cities:

Washington, DC, and

Minneapolis, and found that modal shifts away from public transit are most
prominent in core urban environments with high population density because bikesharing offers faster, cheaper, and direct connections for short trips (Godavarthy and
Rahim Taleqani 2017). The following study is on the weather conditions of bikeshare trips in Washington, DC, analyzing Capital bike-shares hourly trip data and
relating it to hourly weather data (Gebhart and Noland, 2014).
The study analyzed adverse weather conditions; cold temperatures, rain, high
humidity, increased wind speed and decreased bike-share activity. Placing a bikeshare near university campuses and transit stations, providing bike lanes and bike
paths increased the demand for bike-share systems. The strategies that winter cyclists
follow to adapt to street conditions during harsh winters in Edmonton, Canada,
summarized that ⅔ of winter cyclists ride on sidewalks and ⅓ are right-of-way
cyclists (ride with traffic) (Shirgaokar and Gillespie, 2016). Infrastructure
improvements of winter cycling include snow clearing, separated bike paths with
network connectivity, public education, and destination amenities (Shirgaokar &
Gillespie, 2016).
For example, in Fargo, North Dakota, the bike share during the winter season
of October 2015 is as follows. The Great Rides Bike-share was introduced in March
2015 with 101 bikes at 11 stations. Out of which, one station is at the North Dakota
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State University (NDSU) main campus and another one at the university’s
downtown campus. The station provides commuting among campus buildings,
university housing, downtown Fargo, and other leisure trips. The bike-share
program is available to all NDSU students, and they only have to use their ID cards
to check out bicycles. All the bike-share stations are in conjunction with the fixedroute bus service. The Great Ride Bike-share is a seasonal program that paused in
April 2016. It provided over 143,000 trips, and 95.2% of the overall bike-share trips
were by NDSU students, 1.5% by other members, and 3.3% by guest users.
The focal point of the survey was to assess the winter bike-share operational
strategies, observe winter ridership and winter bike-share operational challenges,
and best practices implemented to continue providing bike-share programs without
interruption during the winter. An overall of 14 bike-share programs was
functioning during the 2015-2016 winter in cold U.S. cities. Thus, ten bike-share
program operators responded (71% response rate) to the survey and provided
information about their encounter with the winter bike-share.
The survey suggests that out of the 10-30% of top summer bike-share
ridership will also operate during the winter season. To enhance the bike-share
user's Bike-share program in Chicago attempted to give out gold, silver, and bronze
medals to frequent winter bike-share users. For safe bicycle conditions, the Madison
B-cycle program equips the bicycles used in the winter with thicker and knobby
tires for better control. Des Moines B-cycle reduces the tire pressure from 50 psi to
40 psi to provide better traction on ice. Most (8 out of 10) responding agencies use
shovels, brooms, brushes, squeegees on extendable poles, ice scrapers, etc. Madison
B-cycle frequently rotates/balances bikes at stations during regular winter
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operations, so the seats/bikes are as warm (Snow-and ice-free) as possible for walkup customers (Godavarthy and Rahim Taleqani 2017).
3.3.5.2 BIKE SHARING SYSTEMS (BSS)
The growing number of bicycle-sharing systems (BSS) worldwide provides
increased urban opportunities for cycling, transport, and recreation (Fishman et al.,
2013; O’Brien et al., 2014). For example, the London bicycle sharing system (LBSS)
is particularly well-used for commuting trips (Transport for London, 2011a).
However, in practice, LBSS did not initially seem likely to reduce the gender
and socio-economic inequalities in cycling participation raised as a cause of concern
(Marmot, 2010; Steinbach et al., 2011). Instead, in the first seven months of the
scheme’s operation (July 2010 to February 2011), LBSS use was even more maledominated than cycling in London in general, with 82% of LBSS trips made by men
(Ogilvie and Goodman, 2012). In London, the trip rates among registered users were
higher among residents in poorer areas after one adjusted because these more
impoverished areas were less likely to be near an LBSS docking station (Ogilvile and
Goodman, 2012). As a result, in January 2013, the LBSS doubled its prices by making
the cost of a single cycle trip 2 euros.
Across the scheme’s first three years, 152,000 registered users made 15.93
million trips on LBSS (Goodman and Cheshire 2014). A further 1.4 million casual
users made 7.14 million trips, generating a total of 23.07 million trips across users
of all types (21,000 per day). For example, Cambridge and Oxford residents of
England’s two leading cycling towns made 2.1% of these non-Londoner LBSS trips,
three times as many as expected given their 0.7% share of all commuters into
London. As for the large number of trips starting in London’s major parks were
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most common among casual users (15%) and rarest among non-London registered
users (2%). The number of park trips was higher among women and residents.
The overall percentage of women using LBSS is low, from 15.9% to 19.5%
throughout the study period. Although moving onward with the eastern extension,
registered users from deprived areas doubled from 6% to 10-12% in March 2012.
Both user groups, male and female, have shown an increase of 6% to 11% in males
and from 7% to 12% in females. The main benefit of BSS is the reduction of carbon
emissions. BSS provides an alternative mode of transport, increasing accessibility,
trip resilience, and flexibility. These benefits, however, do not spread evenly among
classes and races (Hoffmann, 2016).
The 75 case studies are located primarily in Europe (49), the United States
(18), Canada (3), Brazil (2), Australia (2), and Israel (1). The station distribution is
by the system's monthly density, area, compactness, the distance between stations,
and the number of stations (Médard de Chardon, Caruso, and Thomas 2017). The
impact of weather on BSS trips is by humidity, temperature, precipitation, and wind
for each day averaged for a month. Integrating cycling infrastructure with other
modes of public transport can be mutually beneficial and economical for individuals
and municipalities (Chow and Sayarshad, 2014; Pucher and Buehler, 2009; Pucher
and Buehler, 2012).
It’s efficient having many small stations rather than a few larger stations
(Faghih-Imani et al. (2014)). BSS stations adjacent to rail stations in Boston, Chicago,
London, Luxembourg, New York City, San Francisco, and Washington are some of
the most used stations within their systems and necessary feeders for the whole
system (Médard de Chardon, Caruso, and Thomas 2017).
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CHAPTER 4 DATA AND ANALYSIS
This chapter explains why different transit agencies chose BRT as a preferred
transit alternative and makes the implementation visible. To better the
transportation system in Rochester, NY, the research identifies the ‘lesson learned’
of other transits. The study aims to provide Rochester, NY, evaluation tools that
have been useful in other cities. The chapter goes deeper into identifying the
locations that implement BRT and the organizational methods they used, which are
as follows: why BRT, funding sources, and public awareness.
4.1 DATA PROCESSING
At the beginning of this year, Mr. Cuomo said that, by 2025, RTS and four
other transit systems in the State must have 25% of their respective electric bus
fleets and 100% zero emissions in 2035. To attain their objective in 2025, RTS
designed a two-phase procedure. In Phase 1, 20 electric busses and recharge facilities.
By the end of 2021, RTS expects to complete the first phase. Phase 2 includes
building a new loading station to accommodate and load another 60 electric busses.
In 2025, the RTS bus fleet will be 36% electrical, placing RTS ahead of the objective
of the Government of Cuomo of 25%. "The Finger Lakes Region has been the place
for the future of transportation technology, and I am pleased to work with such a
brilliant team of workers, supporters, and Partners to make RTS a leader," said Bill
Carpenter, CEO of RTS.
RTS said the project's success is thanks to the assistance of its government
partners and the hard work of RTS staff and project team partners. RTS expresses
its gratitude for the cooperation and support of Governor Cuomo and his team, the
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State Transportation Departments of New York, the State Environmental
Conservation Department, and the New York State Research and Development
Authority, and the Federal Transit Administration. Four chargers were funded and
installed at the New York Power Authority by Billitier Electric and EV Connect.
Although the critical indices throughout the studies are CO2 emissions, energy
consumption, traffic accidents, safety, and accessibility, in The Death and Life of
Great American Cities, published in 1961, Jacobs promoted the construction of
livable cities with abundant street life and commercial and cultural diversity.
Accordingly, numerous government agencies advocate their view on this matter.
For example, in Cities in a Globalizing World: Global Report on Human
Settlements, the first global report of the United Nations (UN) Human Settlements
Program stated that the provision of public infrastructure, equal opportunities for
medical and education services, and safe and comfortable community environments
are the prerequisites for building a livable city. The U.S. Metropolitan Planning
Commission (MPC) reported municipalities must develop safe, reliable, and
economically feasible transportation options to lower transportation costs, reduce
national reliance on imported raw petroleum, and improve air quality (Wey, WannMing 2018).
4.1.1 COST OF THE PROJECT AND COST REDUCTION
Transportation is the fastest-growing source of global climate emissions and the
largest single source of black carbon, particularly damaging to respiratory health,
from gas and diesel engines (‘Public Transport’ n.d.). The transport sector produced
7.0 GTCO2eq of direct GHG emissions (including non-CO2 gases) in 2010 and
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hence was responsible for approximately 23% of total energy-related CO2 emissions
(6.7 GtCO2) ((Brazil) n.d.).
‘Climate change is one of the most significant challenges facing our nation,
and to combat its devastating effects; we need to make real investments in
sustainable infrastructure, said Congressman Morelle.’ The $800,000 project was
submitted as part of this year’s surface transportation member-designated projects
and will help Rochester-Genesee Regional Transportation Authority (RGRTA).
Also, known as Regional Transit Service (RTS), expands electric bus fleet by up to
800% and supports the goal of becoming zero-emission by 2035 (‘Congressman
Morelle Announces Advancement of Infrastructure Project to Enhance Sustainable
Transportation in Rochester’ n.d.). This project is a continuation of what RTS has
already initiated. To meet the determined goal of a zero-emission bus fleet by 2035
requires a new charging depot built and in use by 2025. Currently, the RTS has ten
electric buses and another ten scheduled to arrive in 2022. The charging depot for
the electric buses is $60.7 million, capable of charging up to 80 vehicles. The
$800,000 will get the project started. The investment in zero-emission
transportation simultaneous will contribute toward overcoming the climate change
effects. Reducing one diesel bus with one electric bus will minimize the Greenhouse
Gas Emissions (GHG) by 90.5 metric tones per year. Therefore, in replacing 10 diesel
buses with 10 electric diesel buses will significantly lower the GHG by 90.5metric
tons, which is equivalent to 197 personal vehicles off the road.
The cost of these ten electric battery buses was $8.75 million. A battery
electrical bus costs around $400,000 upstream, but fuel expenses and maintenance
savings (electricity) save $187,000 throughout a bus's life. The costs for busses and
charging equipment have been funded by: The New York Department of
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Transportation has handled $7.0 million and $2.3 million and managed by
NYSERDA and NYPA under the New York State Department of Environmental
Conservation $1.7 billion Cost of project and expected cost reduction. The entire
cost of the ten battery-electric buses amounted to $640,000 ($64,000 each charger),
$8.75 million ($875,000 each vehicle), and the upgrading cost of the electric
infrastructure to the total project expenses of $12.4 million. It cost around $400,000
for an electric battery bus. However, the fuel cost reductions and maintenance save
$187,000 during a bus's life.
"I applaud everyone responsible for making this project possible," continued
Carpenter. "These projects are a real win for contributions and the community.
We'll embrace the future of transportation by introducing electric buses, save
taxpayers' expenditures and improve the environment, and ensure that we continue
to provide our clients with safe and dependable travel”.
When selecting the mix of uses, it is essential to consider the neighborhood
character. If the services and shops are primarily residential, they must meet
residential needs. Rationalizing the zoning process to favor transit-focused projects
makes developers more engaging and thriving in the longer term. The zoning rules
should be supportive such as zone A with Active walking roads, zone B with
Intensity and scale of construction, and zone C having Strong integration of transit.
It can also help to adapt the zoning to the specific objectives of a particular project.
Opinion of people towards the city's image can influence improving public space.
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4.1.2 BUS RAPID TRANSIT AND LAND DEVELOPMENT
Many local governments are accelerating change through policy initiatives
such as integrated transport, congestion charges, and low emission zones,
sustainable procurement, and lifecycle costing (‘Sustainable Transport in Cities’
2015). BRT has a lasting impact on the residential and commercial property
attractiveness along the busway corridor. BRT presents a cost-effective and flexible
alternative for high-performance transit services, which have increasingly gained
interest to policymakers. Worldwide the acceptance rate of rail-based transport
systems, such as Metro and Light Rail Transit, is significantly high. Nevertheless, the
rail systems demand a high capital and operational cost, especially for budgetconstrained cities.
On the other hand, the BRT systems are a cost-effective and flexible
alternative for high-performance transit services. A properly planned BRT system
provides a high-quality transport service at a low-cost and short implementation
time.

Like any other Mass Transit, BRT complements the existing transport

corridors accessibility. Better than conventional buses, the BRT can move at a higher
speed on a bus-only dedicated lane and traffic light, which minimizes the travel time
incredibly.
The ideal three ways to make transport more sustainable are (‘Sustainable
Transport in Cities’ 2015):
-

Modal shift: Copenhagen has several progressive cycling policies, including
the Green Wave, which allows people cycling at 20Km/h to hit all green
lights during rush hour. It supports commuting at a speed that keeps traffic
moving but is safe for the cyclist.
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Better land-use planning: include compact mixed-use developments around
the transportation corridors. For example, Houston has per capita carbon
emissions nearly ten times higher than the densest, such as Singapore.

-

Making existing transport modes more efficient: Light weighting and new
engine and fuel technologies are helping to make existing road and rail
vehicles more efficient. The main options are hydrogen fuel cells, fossil fuel
hybrids, and electric cars. For example, the city of Gumi in South Korea is
currently piloting a scheme that embeds wireless charging for electric buses
within the roads, helping to recharge vehicles on the move.

4.1.3 SOLUTION FOR URBAN MOBILITY AND CLIMATE CHANGE
The urban transport system determines economic development and its
connection to places and activities for work, education, services, or leisure. By
choosing the most appropriate financing instruments and focusing on wise
investments, cities can design comprehensive financing for all types of urban
transport projects. Using multilevel innovative revenue sources that promote
efficient pricing schemes, increase overall revenue, strengthen sustainable transport,
and cover capital investments, operation, and maintenance for all parts of a public
transport system, ‘from the sidewalk to the subway.’ A transport system's
sustainability indicators are economic efficiency, social equity, and environmental
impact.
The aim is to understand better the expected effects of the physical
environment and industrial processes regarding the environment. The goal is to
improve economic efficiency. Recent improvements in car-sharing technology and
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the possibility of autonomous automobiles indicate that the intelligent use of
automotive assets may eliminate up to 90% of road vehicles.
The potential of sustainable transportation systems are as follows: it benefits
communities financially, reduces air pollution, increases fuel efficiency, reduces
traffic congestion, saves money, increases mobility, frees up time, public
transportation can be safer, and encourages healthier habits (‘9 Benefits of Public
Transportation’ n.d.). Subsequently, the criteria classification for evaluating
alternative transportation systems are in several ways:(Irwin 1966)
1. Social: possible disruption of neighborhoods and increased well-being due to
more significant opportunities for interaction.
2. Economic:

effects

on

regional

employment,

development

patterns,

distribution costs, property values, and real estate taxes.
3. Physical: moving people and goods, convenience to users, flexibility to meet
peak loads and adapt to changing urban development patterns, reliability,
and safety.
4. Fiscal: capital costs, operating costs, and revenues.
5. Aesthetic: such as noise levels, effects on the urban landscape, and effects on parks
and open spaces.
6. Environmental: to reduce greenhouse gas emissions, to mitigate air pollution.
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Source: (Ardila-Gomez and Ortegón-Sánchez 2015).
Figure 4. 1 Typical pattern of capital, operation, and maintenance expenditures for
transport

The well-designed transport system indicators are comfortable, affordable, fast,
and accessible. The output of shifting from single-vehicle use to public transport
would drastically lower emissions, connect low-income communities with
opportunities, and eliminate traffic congestion. Nowadays, there is numerous highquality public transit, from bus to metro rail. However, the research zooms into the
innovative bus rapid transit (BRT) implemented in 168 cities. The BRT uses the
existing roads with segregated lanes and traffic lights, off-boarding fare collection,
ADA compliant level boarding, faster, affordable, and flexible.
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4.1.4 EFFICIENCY, EQUITY, AND AFFORDABLE
Bus Rapid Transit (BRT) is also known as a busway or transitway. A BRT
system includes roadways dedicated to buses. It prioritizes buses at intersections
where buses may interact with other traffic, alongside design features to reduce
delays caused by passengers boarding or leaving buses or paying fares (‘Bus Rapid
Transit’ 2021). BRT provides limited-stop service along the busiest travel corridor.
BRT is a high-capacity urban public transit system with its right of way.

The

operation and maintenance phase compensates for the higher initial cost of BRT’s.
The flexibility and buildability of BRT provide clear connections to economic
development in areas where its introduced (‘BRT | Www.Cdta.Org’ n.d.).
BRT is the best alternative transport system because of environmental
impacts, financial feasibility, capital, operating, and maintenance cost estimates.
BRT has 90% fewer emissions than traditional buses, equivalent to planting 1,500
new trees along the corridor. The significant features of BRT include specialized
vehicles, ADA accessible, dedicated bus lanes, fare collection at stops, frequent
service and less travel time, reliability, safety and security, more passenger capacity,
environmental quality, both capital and operating cost efficiency, transit-supportive
land development, user satisfaction, etc.
What makes BRT different from traditional bus routes is as follow (BRT Case
Studies):-

Running ways: Running way type and running way marking.

-

Stations: passenger amenities, station location, station type, curb design,
platform layout, passing capability, and station access.
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Vehicles: vehicle configuration, aesthetic enhancement, passenger circulation
enhancement, and propulsion/fuel.

-

Fare collection: fare collection process, fare media, payment options, and fare
structure.

-

Intelligent transportation systems (ITS):

Transit vehicle prioritization,

intelligent vehicle systems, operations management systems, passenger
information systems, safety and security systems, and electronic fare
collection systems.
-

Service and operating plans: Route length, route structure, and service span,
service frequency, station spacing, and methods of schedule control.

-

Branding elements: Marketing classification of BRT service and branding
devices.

4.1.4.1 PUBLIC PARTICIPATION
Incorporating the public in a BRT project's planning and an implementation
process is a successful approach. The case study In Cleveland, OH, guides how to
integrate the public. The name of the BRT in Cleveland, OH, is Health Line, and
operation began in 2008. The regional authority incorporated the residents at the
beginning of the planning phase through public outreach and meetings. The
regional leader started addressing the public sector to manage the discussion
effectively. That is a smaller meeting with specific groups such as church groups,
students, and healthcare workers. Such kind of an approach increased the awareness
of the public exponentially.
The regional authority addressed the construction schedule through emails,
postures, visits, etc. Although, businesses along the corridor received loans to cover
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loss of income during construction disruption. The involvement of the public
throughout the design process made them supportive of the Health Line BRT
development even more.
4.1.4.2 LESSON LEARNED - BRT IMPLEMENTATIONS
CTfastrak, known as the New Britain Hartford Busway, is in Connecticut. It’s
the first bus rapid transit line for the city. It is currently under construction and
connects the Union Station in Hartford and Downtown New Britain. The lessons
learned from CTfastrak BRT is: ▪

Selecting the right corridor is critical.

▪

Revitalize the BRT corridors with transit-oriented development
(TOD) for a fast economic development

▪

Involving the community early in the predesign phase is an
effective way to create social support

▪

Informing users and training drivers how the BRT system
operate minimizes any collateral damage

The Pulse BRT is part of the revitalization of Richmond, VA. Its 7.6-mile
service includes 26 platforms, five median stations, and nine curb side stations. The
BRT system met the operational needs of buses, bicyclists, and pedestrians. The
lessons learned from Pulse BRT: ▪

Early on, having a public outreach through charette is essential.

▪

The dedicated bus lane for the BRT implementations has
relocated the on and off-street parking. Thus, it should have a
detailed parking management plan.
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▪

A BRT corridor can anchor a new vision for regional transit.

▪

To have

a partnership

with the

community

advocacy

organizations.
▪

An effective spokesperson needs to guide the BRT team
members.

Albuquerque Rapid Transit (ART) is a BRT system in Albuquerque, New
Mexico, United States. It was constructed in 2017 and gave full service in 2019. The
guideway includes several variations on bus priority lanes, including dedicated
guideways, bidirectional lanes, and reversible lanes. The lesson learned from ART
BRT: ▪

An in-person public outreach is effective in addressing the corridor
design

▪

Set a defined vision about the BRT system early on

▪

Clear information about the corridor businesses provides a
successful public outreach

▪

Have a collaborative and empowered project supporter
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Source: BRT TOD: Leveraging transit-oriented development with bus rapid transit
investments (Cervero and Dai 2014).
Figure 4. 2 Bogotá’s TransMilenio BRT system: phases 1, 2, and 3
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Source. BRT TOD: Leveraging transit-oriented development with bus rapid transit
investments (Cervero and Dai 2014)
Figure 4. 3 Ahmedabad Janmarg BRT system: phases 1, 2, and 3

4.1.4.3 LESSON LEARNED - COMPLETE STREET (CS)
The United States has experienced a 46% increase in annual pedestrian
fatalities from 2009 to 2016 (Schneider 2018). Complete street supports for streets
to meet the needs of all road users. It provides accessible facilities for people to
walk, bike, use public transport, dedicated bus lanes, landscaping, frequent
crosswalks, wider pedestrian pavements, and bicycle lanes. The design of CS projects
provides active transportation, transit use, public health, community mobility, and
physical activity.
Complete street policies alter the transportation planning process by
incorporating multimodal guidelines, updating master plans, engaging the
community in transportation planning, and offering staff training to design
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complete streets. A complete street connects walking, cycling, and public transport
with residents’ jobs, schools, and other services. The complete street movement
strives to change the culture of transportation planners and other key decisionmakers. To move away from prioritizing cars in favor of balancing the needs of all
modes of transportation, thereby establishing a mechanism to produce a built
environment that promotes rather than impede health (Zaccaro and Atherton 2018).
For a complete street to deliver a higher output engaging the community early on
is beneficial. To be mindful of social equity is essential. In the case of complete
streets, low-income, non-white and elderly populations are at disproportionate risk
of both chronic disease and pedestrian fatality in part because these groups tend to
live in neighborhoods where active transportation infrastructure is scarce or illmaintained (Zaccaro and Atherton 2018).

Source:(‘Dedicated Median Bus Lanes’ 2013)
Figure 4.4 Complete street sample: Wide Right-of-Way streets
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Source: (‘Project Officials: Vision for Washtenaw Avenue Will Take Shape over
Several Years’ n.d.)
Figure 4. 5 Cross-section sample: with dedicated lanes
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CHAPTER 5 RECOMMEDNATIONS & CONCLUSIONS FOR ROCHESTER,
NY

'The City of Rochester Comprehensive Access & Mobility Plan (CAMP)
looks to develop a multimodal transportation component for Rochester in 2034. It
will result in a coordinated multimodal transportation plan comprised of bicycle,
pedestrian, transit, good movement/emergency service, and Transportation
Demand Management (TDM) focus areas (Rochester Transit-supportive
development).'
5.1 RECOMMENDATIONS: INTEGRATING BRT & TOD
This chapter provides strategies for the city of Rochester to employ along with a
set of recommendations for introducing successful and integrative Bus Rapid Transit
and Transit-oriented corridors. An integrative, multimodal transportation corridor
simultaneously impacts the land use pattern. The determinate factor for the travel
demands in Rochester, NY, is based on the location of jobs, housing, school,
services, and other amenities.
The critical problem facing Rochester, NY, is that the city's public transportation
riders highly suffer from long commutes, multiple transfers, extended waiting for
the bus, safety concerns, lack of comfort, greater poverty, higher unemployment,
low median income, air pollution, increased carbon emission, a significant gap
between low- and high-income residents, and the adverse effects of suburban sprawl.
Therefore, for a city like Rochester to alleviate its current economic development
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stagnation, a BRT investment could be rewarding and help alleviate a challenging
condition.

According to the statement made by Reconnect Rochester regarding the
public transportation system is as follows:- In 2010, the U.S. Transportation
Secretary Ray LaHood Announced $293 Million for New Transit Solutions and
Economic Development Nationwide. 'This investment by the Obama
Administration in our nations' communities will create jobs, boost economic
development and recovery, and further reduce our dependence on oil,' Secretary
LaHood said. 'Our goals are to provide cleaner, safer, and more efficient ways to
get around ('Bus Rapid Transit (BRT) Archives' n.d.)'. Although the introduction
of six streetcars and bus rapid transit project will be funded with $130 million
from the Federal Transit Administration's Urban Circulator Program, and 47
additional projects aimed at upgrading bus services and facilities are slated to
receive more than $163 million from the FTA's Bus and Bus Liveability Program
(‘Bus Rapid Transit (BRT) Archives’ n.d.).
'BRT is a bus-based rapid transit system that can achieve high capacity and
speed at relatively low cost by combining segregated bus lanes that are typically
median aligned with, off-board fare collection, level boarding, bus priority at
intersections, and other quality-of-service elements (such as information technology
and strong branding (BRT Standard, 2015).' (‘The Online BRT Planning Guide’
n.d.). Based upon the assessment of the critical problems in Rochester,
implementing the BRT corridors and nodes would improve commuter experience
and satisfaction. Compared to traditional urban buses, BRT provides a higher quality
by reducing travel and waiting time, increased service reliability, and enhanced user
experience.
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By allocating exclusive bus lanes for buses, Rochester, NY, transportation
would become a transit-oriented development that accommodates all income levels.
Ahmedabad BRTS is a bus rapid transit system in Ahmedabad, Gujarat, India. Using
Ahmedabad's BRTS as an example, 150 people are moved in one BRT lane in each
direction, taking up 84 square meters, compared to mixed traffic that carries only
45 people using three routes, or 486 square meters (Alieen Carrigan et al. 2013).
Based on all of the studies conducted as part of this research, it becomes clear that
the potential of BRT' would provide the city of Rochester and augment the shift
from auto-dependency to mass transit.
If Rochester implements the BRT corridor along with transit-supportive landuse zoning, it will also encourage new commercial development corridors around
the stations. Consequently, eliminating surface car parking near the BRT would
minimize the cost of construction and encourage people to shift from driving to
using mass transit. Locating commercial and other building development projects
near a BRT station would be essential to make it more financially viable. The
following measures can mitigate displacement during BRT project implementation
including providing, subsidized housing, affordable housing, and preserving the
existing affordable housing located on or around the stations.
The ideal BRT system integrates from an extensive circulation network, from
airports and intercity rail to public bicycle paths (‘The Online BRT Planning Guide’
n.d.). This integration with public transport, cycling, walking, universal access, and
bike share is called intermodal transportation. Implementing a BRT is typically along
existing corridors; therefore, it needs to work with the existing nodes.
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The goal of integration is to:
1. To improve access and coverage while avoiding duplication of service.
2. To make trips as short as possible, in both time and distance, while
minimizing the number of transfers (‘The Online BRT Planning Guide’ n.d.).
During BRT implementation, providing sidewalks and bicycle lanes would
fill the first and last mile to the destination. The three critical components of
pedestrian access include:
1. Lessening the distance from the neighborhood to the corridor,
2. Safely crossing the corridor to access the station,
3. Circulations inside the stations create connections between the station and
primary services such as shops, schools, and workplaces.
Also, the integration should aim for ADA compliance. Integrating a complete
bicycle infrastructure and parking gives the residents of Rochester an option for an
alternative mode of transport.
Furthermore, according to sustainable urban transport data, it is understood
that electric BRT buses, articulated battery-electric, and hybrid-electric buses tend
to have higher initial procurement costs ($850,000 to $1.3 million), compared with
clean diesel buses ($450,000 to $870,000) or CNG ($800,000 to $940,000) (Aileen
Carrigan, Julia Wallerce, and Michael Kodransky 2019). In the long-term, higher
upfront costs should be evaluated along with the potential savings of lower fuel costs
during the operations and maintenance phase. The way to maintain the electric BRT
bus is by testing it in a controlled environment, defining the battery range spec for
the climate and terrain of the proposed BRT corridor, planning on additional
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electric bus driver and maintenance training, etc. (Aileen Carrigan, Julia Wallerce,
and Michael Kodransky 2019).
Thus, it gives Rochester an alternative sustainable approach to transportation
that can transfer the city's economic outlook and improve the lifestyle of the
residents. Implementing a BRT is a considerable investment, but it can alter the
city's development to a positive financial result. Rochester can use cities like Albany,
Oregon, and Hartford as case studies of successful projects to implement this
tangible strategy. Rochester can reference what occurred in the projects in cities as
referral aids and not repeat the problems they encountered. BRT tends to be an
economically suitable transit option by providing high-speed service at a generally
lower price than a light rail system. The proposed BRT type for Rochester, NY,
starts with the cost-effective BRT BRONZE.
Type

Lower income Countries

Higher Income Countries

(2013 $/km)

(2013 $/km)

BRT Average

$11,504,575

$10,054,824

BRT Gold

$16,312,504

N.A.

BRT Silver

$9,528, 467

$9,729,605

BRT Bronze

$9,612,943

$10,380,042

LRT

$25,373,992

$37,496,032

Source: (‘The Online BRT Planning Guide’ n.d.).
Table 5. 1 Average Cost per Kilometre by Mode (BRT, LRT), Developed Versus
Developing Country
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5.1.1 PROPOSED NODES & POTENTIAL BRT CORRIDORS
Rochester would benefit from aligning transportation with land use policy to
achieve robust economic development and transit-oriented communities. The
transit-oriented corridors can establish a walkable, mixed-use neighborhood along
the transit corridors and meet users' communal needs. The corridors can create a
'sense of place' where people can access increased mobility, employment, a healthy
lifestyle, and transportation. The determinate success factor of the transit-oriented
corridors includes the implementation of mixed land use development, creating
focal/destination hubs, compact growth, community connectivity, high frequency
of transit, and managed vehicular parking.
Nevertheless, to accommodate all users' types and income levels, this study
has selected five sample nodes and corridors for potential connectivity to transitoriented development. Alongside the corridors, these five locations are enhanced
with multimodal nodes to obtain high-frequency transit service.
The selected five corridors and nodes include: 1. RTS – 60 St Paul St, Rochester, NY 14604
2. Rochester Public Market Rochester, NY, 14609
3. Rochester Institute of Technology, 1 Lomb Memorial Dr, Rochester, NY,
14623
4. Great Rochester International Airport (ROC), 1200 Brooks Ave, Rochester
NY, 14624
5. Town of Brighton, 2300 Elmwood Ave, Rochester, NY, 14618
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The five focus transit corridors identified for this study are the basis of the
transit-oriented development principles, green transportation hierarchy, compact
development, and move towards social equity. The socio-economic, land use and
transportation-related factors of a transit corridor include increasing employment
and population density, lessening the need for one-car households, increased transit
commute sharing, developing bicycle and pedestrian infrastructure, changing
zoning to create more diversity and development in Rochester 2034 mixed-use
centers.

Source: Author
Figure 5. 1: Proposed nodes and potential BRT corridors

Since the causality for all the transportation challenges in Rochester is
numerous, the following recommendations can serve as a general guideline for
improvement. The following seven suggestions are all applicable to the city of
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Rochester. To summarize, the overall outcome of implementing an INTEGRATED
BRT and TOD system in Rochester, NY, would accomplish the following objectives:

Recommendation 1:

Implement BRT to reduce the severity of commuting

(waiting, transfer, and long travel time) and allow more frequent services
throughout the day and evening.
▪

The BRT systems should attract more low-income users by implementing
a set fee subsidy mechanism, where operational subsidies reduce the user's
fare. The transportation subsidy should also include implementing a low
price, offering a free ride for students and other low-income residents to
make it economically feasible for these riders to utilize the system readily.

▪

BRT system should be part of a fully integrated multimodal transportation
network.

▪

To enhance the BRT users' rate, promote an integrated multimodal
transport system including sidewalks, bicycle lanes, etc., that is safe,
comfortable, and environmentally friendly.

▪

The BRT implementation strategies should aim to align with the triple
bottom line of sustainability: social equity, economic development, and
environmental protection

▪

Implementing a BRT system for Rochester, NY, can help alleviate the
poverty rate by creating better access to more job opportunities and
training and providing more jobs for transportation drivers, maintenance,
and other support staff employed to run the transit system. In doing so,
the BRT implementation's initial higher investment cost would see a
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greater return on investment during the operation and maintenance
phase.
▪

Not only can the BRT help to alleviate the poverty and unemployment
rates, but the transit-oriented corridors can extend further into connecting
the suburb to central urban locations, which assist in connecting people
to additional jobs, schools, services, and other critical amenities.

Recommendation 2:

Introduces a complete street design method to

accommodate all user groups, establish revenue, enhance social equity and
environmental sustainability.
▪

Widening pedestrian sidewalks will fill in the last mile distances from
nodes to destinations.

▪

The integration of the BRT, with broad sidewalks and bicycle lanes,
increases physical activity and well-being.

▪

Having a segregated lane, be it for BRT, bicycle lane, or wide sidewalk,
reduces the mortality rate (road fatalities and crashes).

▪

BRT has a level platform boarding for ADA-compliant needs and
incorporates all users type regardless of age, color, race, and income level.

Recommendation 3: Integrate BRT with TOD; with mixed land use, nodes,
or centers, connecting them with residential neighborhoods, municipalities, and
regional planning agencies.
▪

If needed, comply with or alter the city zoning rules and regulations to
accommodate mixed-use development along these mass-transit corridors.
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Convert vacant lands along the corridors into affordable housing, infill, or
mixed-use development. These help to generate revenue as well as house
the likely users of the BRT system

▪

Minimize and manage the existing parking surfaces and structures along
the corridor to minimize single-use automobiles.

▪

Promote 'smart growth' along the BRT corridors.

Recommendation 4: Develop BRT and TOD incentives and financing tools.
▪

Facilitating finance of BRT systems includes the need for: loans, trust
funds, and involving financial institutions early on the project planning
process, developing reliable teams for the BRT financing with groups that
understand this industry, and can dialogue with development institutions
and non-governmental organizations to create a unified approach.

Recommendation 5: 'Taking it up a notch,' implementing an Electrical BRT
will conserve energy, reduce carbon emissions, air pollution, and improve the local
air quality.
▪

Introducing alternative fuel sources (electricity, hydrogen, biodiesel,
biomass, etc.) for the alternative multimodal transportation types (electric
bicycles and scooters) will save energy and improve the environment.

Recommendation 6: Achieve the transportation demand strategies set by the
LEED LT credits: ▪

These can be by encouraging alternative work styles such as
telecommuting, compressed workweek schedules, shuttles for employees,
shared parking between uses, and transit subsidies.
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Work in conjunction with the set goals of Rochester,

NY by 2034, for an employer or worksite-based strategies ('Transportation Explore
Further' n.d.):▪

These can include such programs as parking cash-out, carpooling,
rideshare, ride-matching services, vanpools, guaranteed-Ride-Home
(GRH) programs, live near-your-work/homebuyer programs, employer
shuttles, and pre-tax transit passes.

Source: Author
Figure 5. 2 Node design concepts and principles
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5.1.2 RECOMMENDATION FOR SUSTAINABLE COMPLETE STREET
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Source: Author
Figure 5. 3 Sustainable Transport Indicators for Rochester, NY

5.2 SUGGESTIONS FOR FUTURE RESEARCH
Rochester, NY, should strive to transform the quality of life and economic
development with a robust multimodal transportation system (walking, biking, and
public transportation). Implementing the multimodal transportation systems
includes all the following benefits: creating social equity, environmental safety, and
economic development. Encouraging better transportation choices requires
integrating land use and enhancing transit-oriented development. Rochester should
prioritize 'green sustainable transport' infrastructures such as walking, biking,
scooters, electric cars, and buses, implementing a bus rapid transit (BRT), and
relying less on fossil fuel burning and polluting single-use vehicles. The ways to
change the mode of transportation in Rochester, NY, from auto-oriented into a
transit-oriented development include alternative fuel vehicles, electric vehicle
charging stations, and anti-idling education.
The current transit system in Rochester is the Regional Transit Service (RTS).
RTS can transform the bus route from a low ridership corridor to a higher ridership
through the existing resources. Ridership generally increases with increased
frequency of service, where buses will initially come an average of every 10 minutes.
Some strategies that can transform the travel time are often considered part of a
BRT system: transit-only lanes, traffic signal priority, off-board fare payment, ADA
compliant level boarding, affordable than light rail transit (LRT), streamlining
routes, and reducing bus stops. While the rail system can accommodate more riders,
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it will simultaneously increase the economic development for Rochester, NY, along
those corridors.
'By building dense, walkable neighborhoods, communities will become
healthier, investing in infrastructure for people, not cars, leads to better health
outcome's ('Transportation Explore Further' n.d.).'
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Source: (‘The Demographic Statistical Atlas of the United States - Statistical Atlas’ n.d.)
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